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119739391 AANEAE wazn1sdudsaTIvesialaguaaniylne

11wz el

unfnga

nmsasaameuladlalngiuaanaussuniglnediuiu 32 ¥fialu Family Gramineae 21
§19819 1Ay Leguminosae 11 §19819 wulplpeiuaanduseuiivii 32 fedas fdfanssusume
gsluraseny 2-4 danmi TneflenAanssudumzeglutis 2.0812 - 32.9345 yila/fadniu Fusouiivi
fidnAvnssusunganndt 10 gla/fiadniu fdwou 12 via Fesmnuinludesdsiie d1ianauns
F13v1InenNEd 105 913 nU6 919InT8NT T1aunusil 1 Pramilerdudines 1 1wy
Trundelseiiy 123 912gnssuys 1 91anssays 90 91ianssay3 60 wasdnd nus lnulalagiua
flafinandnanauns 81y 2 §Un1vi dAAanssudnnzgeiianaewinty 32.9345 gila/fladn3u uas
Adoaunuiarfonssudmzigade 2.0812 gin/dadniu Meviimnzanlunisissujisoves
el nuavesiugoufiona 32 wia ogludas 3.5 - 6.0 uazgampifiumnzanlunisiafize)
agluas 40 - 60 asrnTATea

nsfuadorveneulsllelnenuannduseuiions 32 via wut lalasiuaainsu
goufiy fifiafansadmnzguedauamnsalumsdudwismeadoridinnmi uadldlalpeiuam o
toeniflunstuduton lelelnenuanndugouiio 12 oiin filldRanssusumnggandi 10 giia/dedniu
annsodudatonld 7 viaan 8 viia Ineldlalngualunmssudadosuiina 10 - 15 lulasndy
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SCREENING, CHARACTERIZATION AND ANTIFUNGAL OF CHITOSANASE FROM THAI PLANTS

1*
Mana Kaomek

Abstract

To screening of chitosanase from Thai plants germinated 32 species in 21 Family
Gramineae and 11 from Leguminosae. It found chitosanase from 32 plants germinated and were
highly specific in the age of 2-4 weeks. Specific activity were 2.0812 - 32.9345 units/mg. There
are 12 species that had specific activity more than 10 units/mg that specific activity from most
to least are follows as: Sakon Nakhon rice, Khao Dawk Mali 105 rice, RD6 rice, Koshihikari rice,
Pathum Thani 1 rice, Niaw San-pah-tawng 1 rice, Leuang Pratew 123 rice, Suphan Buri 1 rice,
Suphan Buri 90 rice, Suphan Buri 60 rice, and RD8 rice, respectively. Chitosanase from two weeks
of Sakolnakorn rice had the highest specific activity of 32.9345 U/mg and chitosanase from
Acacia catechu Willd had the lowest activity was 2.0812 U/mg. Chitosanase from 32 plants
germinated species had optimal pH and temperature of 3.5 to 6.0 and 40-60 °C, respectively.

Chitosanase from 32 plants germinated species were inhibited fungi. Chitosanase
from 12 plants germinated species with high specific activity were able to inhibit 7 species of

fungi from 8 species by using chitosanase concentration to inhibit fungi of 10-15 pe.

Keywords : Screening, Characterization, Antifungal, Chitosanase, Thai Plants

¥ Program of Chemistry, Faculty of Science and Technology, Valaya Alongkorn Rajabhat University
under the Royal Patronage,

* Corresponding author, e-mail: mana@vru.ac.th
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unmin

lalngrudululenediwessssumasdanisfidnalaedudussdvszneu wuly
sssumARdnvazisuanzd lalssusseulinnlafuidulasadisvesdninn 45 Y uvas uay
o Fegndevameldmussaeiisdanuuaondelumaiialiuayvduarauanden lhiAanisud
Ll waglaiifudfiv venanifiduaiuninfiuviuuvesdedidinfidvsslovdlusssuna
(Biomaterials) lalwuinienainlafudidanyerdfavouduosdianglaeumdedunyoriluves
nglagniiu faus 50 Wesidudtuly (Hayes, et al, 2008) uasfiautinzarsldlunsndou lalngy
fautAfid dyvaneUsznis 1wu msduivloseuveddanzldd uaznsiiqrimsaniw Jaqiuiinngi
lalnguandszndldaiaislugnanvnssy Inwnsnssy Mg waslndnssu 1wy a1smnaeneu
Tunsthimiisnnlssnugpamnsss gramnssndulofme wazmsdostusuafiFouanden

lalnenuadueuleiisslfizenlalnsladavesiuszium 1,4 lnaladfnveslalagu
AsaiusysenInnglagnfiuiunglagifiu (GLN-GLN) nglagnduduiduezdfanglaeniiu (GleN -
GleNAC) uay LBusrdRanglawniiudunglagniiu (GLNAC-GLN) udlaianunsagosaaieiusesgning
\BuordRanglaniiufuiduszdfianglamiiu (GINAC-GLENAC) 189910 GLENAC-GLCNAC Sinasasddi
Jumglunsgeemelafiuamszinnuuandisiulunisiauveddassaineninlafiuawaslale
guaAam, et al, 2010) lalamuaaansonuludsdiTinvunndn Wy Wosuazuuaiise dauadise
fndnlalasiuaiinnuddglunmsinwesaunavesszuuiing ddidinidlalaeuduesduszneu
anunsondnlalasiudls ddiTinunsielidlalasuduesduseneuusannsandnlalamiuals wu
wuafisunsin lalaeiuauaslafiuaanfivifquandimneautensdudinnasydulnves
o Talewiuadauddgunludiunisnues wenandunsieulasinnfiefifauaifveneay
semstudnsisyivlinveniesilsaiias wieaunsaaanslalasuduenyziues (Hexamen) way
lgUnzie3 (Heptamen) waanglasfuiiuuselomiosmnnlunsuszyndld

nsdnwiidunisasianeuledlalasnuaaindudoufivdiuiu 32 vin
MAMAN YUY ﬂ'Laénu,asqmwgﬂﬁLvmwxaaﬂ,uﬂméaﬂﬁﬁ%awmiﬂimmmauawmaaumié’ué‘?ﬂL%asw
$1uau 8 aeiug fineliAalsadi
IngUsEaAYaINsIdY

1. Wensamlalawiuanazandnuazveslalamiuaaniivlned oy 32 via
2. \ilothansadalalesiuannduseuivlnesiuau 32 slanmeaeumstiudadon

A AUNITIVY

1. afmeulvilalaeiuaaindusauvasiiy 32 ¥ie ﬁﬁmq 1,2, 3 uaz 4 dUait tneds
vosiialauazaniy (Pillai, et al, 2009) InetAusauiivonysi 9 inustululasiaumal Wulvdetesdns
Yrlies Ao 3.5 Usues 1:1 ﬁﬁ%ﬁaLm%asﬁaIWﬁaWQaaiiéwﬁm%u 1 fedluans uwavnedllanedlnlsanea
5 wWosidus Wluduwiesdi 25,000 ¢ e 30 it axldansavanevesansaninlalagia

2. mAnfanssuvedlalawiua (Tolaimate, et al, 2003) Inginasaialalagua 200
Blasdnsnaudvansazanslalaeu 1 Wesidud Usues 1 fiaddns Uil 37 ssrwadea 1Wunan 20


https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayes%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18320562
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayes%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18320562
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i nthlusluinien 3 und wihduwiesd 6000 seudewd Wunan 10 wil anansazaela
1.5 fiadans wauu Schales’Reagent US1ns 2 faaans Tiadusouiduiian 15 unil Yaeeliiiu
thluinnisganduussil 400 wluns wasSeufioutunsminasgrungleeniiu
3. ynUBanalusiun e dueaaTs (Lowry, et al, 1951) Inevnansanalalpeiuen 10 lilpsans
Ysussuasdu 500 ailasans aeluieteswatvinesiie 3.5 uansasanenaurelilosdamin 25 Tadans
e bRduiiels 10w Fuansavane 50 wWesifus auUsanes 250 lillasans weuasdeials 30 i
Sonsganduuadil 750 wiluisms Weudunswanmspuvedusiululni@susaugiiu BsA)
4. Anvmavesiiiewuavamginemaswisen (Gomori, 1955)
4.1 AnwAtnanssulug ey 3.0-10 @6 0.5) Ineiewt 3.0-6.0 IMluR ez Tisn
Uesdaaiiion 6.5-8.0 linoammtviles uaztasiitey 8.5-10 Mvialalnsnasin Unilgamgdl 37 ssm
wadeaduna 20 uni
4.2 AnwnAianssuiigamadl 30-70 ssniwaBed (@wing 5 awnwaides) lndliesdinn
Triwesfovivangen (aante 4.1) ﬂuﬁqmﬂﬁgﬁmﬂ 9 (30, 35, 40, 45, 50, 55, 60, 65 Wag 70) Wikaan 20 W7
5. ﬁm%@mﬁagﬂuauauﬁ (Slant) Lﬂugﬂﬁmfﬂ"aumLé‘ymmqnawmmﬁymﬁga Ui
gamadl 30 esrwaded Wunan 1-2 Tu dneulwilalayuaainiiy 32 via umadeunsfudauie
31 ngnszawnseandadugdinauinadiluman 4 9o wenlalpguaiiinududy 5 10 uay
15 lulasnfu og19az 50 lulasdns mudifu asuunszawnsosiidaly 3 9a Lazvenaisazaty
Srlosfidaniunu 1 90 wiwuiizo eswnwadeaiunm 3 u nradanisiudaton

NAN15IBUATDAUTIINA

nsamanneulesilalagiuaaindugeuiivlngdiuiu 32 ¥lla nuirdugsuiivine
i1 32 sinfioulsdlalpgiua innmsaaRnsINs e Tigamgl 37 sswwaldea Wunan
20 Wit lalasuanduseuifmfanssudinzgeeglutasety 2-4 §Uni TaedianAanssudunig
oglutng 2.0812-32.9345 gila/fadn3u dusouiviidarAanssudumnizuinndt 10 gila/fiadniu
11 12 il Fewinunludesfie 41ianauas 11w nented 105 913 2. 6 91IINTENNT Traunusiil 1
Imwiiendulwes 1 Trawillensn T1amaesseiny 123 T1anssaius 1 91anssaiys 90 I1gnssaiys 60
wazd13 nv. 8 lnedanaunsiAfanssudinizasgane 32.9345 gila/fladnsu uazdiduaunuiian
Aanssudnzsnandie 20812 gila/fladniy Mevivanzaslunsissufitovedalpmuanniuseuiie
1 32 9ia oglutae 3.5 - 60 wargamnifiezanlunassfisenegludag 40 - 60 lnedmanauasia
Afanssudumzgaaadiiteviivanzaslunisiseufiseindu 5.5 uarguvniifvanzanlunisised
A3winfiu 50 earniwaldea fansned 1

'
a ada a

dlewFeuifisuafanssusimnzvedlalasnuaildnnduseuinfuddiinuiniu o
wuin lalasnuaanivlvefidAanssudumzvedlalasiuaginindai@inedadu q wu lalagu
@970 Bacillus sp. Strain KCTC 0377BPAAAINTs1T WM 0.9010 giln/dladn3u (Yeon, et. al, 2004) 310
Bacillus sp. StrainCK4 diAAanssud e 0.8120 giln/dadinsu (Yoon, et. al, 2001) 310 Paenibacillus
fukuinensis fifnfanssud g 0.8647 giln/iadn3u (Fukuda, et. al, 2007)
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A151991 1 AAANSSN USunadlusiu wazArfanssusmwie (SP)

91yAUBOU ANANTIY Wiay 9oUnNA
FoImermaniuazderily 75 (SP) g9 e fmnzay Amnzay
(fUa)  (yiw/dadniu) (el Tea)
Family Gramineae
Oryza sativa L.
411 N6 3 28.7636 35 45
41 N7 2 6.1141 4.5 50
411 N8 2 10.1082 4.0 55
Imvnnenuzd 105 4 32.5523 5.0 45
Irunusil 1 2 26.9636 6.0 55
YIEANTIUYT 1 4 18.5376 4.5 50
YIFANTIUYT 60 4 11.5142 5.0 45
Y1IEANTIUYT 90 4 18.2092 5.0 45
IManauas 3 32.9345 5.5 50
Pruuilendudnes 1 2 25.97685 6.0 60
PruundnsUssia 123 2 19.5260 5.5 45
Prunilean 2 21.2071 5.0 50
41InTBA"3 2 28.2585 5.0 40
Pennisetum americium
wgf1layn KUO1 2 8.1465 4.0 45
Sorghum vulgare Pers.
119 KU439 2 7.3365 4.0 50
I KU630 2 6.8331 4.5 40
Frhadedng KD1 2 7.6312 4.0 40
Triticumaestivum L.
I1@1a duvs 1 2 4.0564 5.0 45
I1@1a dus 2 2 4.4403 5.5 40
Zea mays
Ilnavnu g3 5 2 3.4923 5.0 50
F1INAWIUY BUS 2 2 7.8821 5.5 40

Family Leguminosae
Acacia catechuWilld.
dduaLny 2 2.0812 4.0 45
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A15199 1 AAANSTY USHadlusiu wazAfanssudmne (#p)

HUIUE V1IN

91yAUBOU ANANTIY Wiay 9oUnNA
FoIeneansuazieily 781 (SP) g3 Uy fnza fmnzay
(e (yilw/dladniu) (el Tea)

AlbizialebbeckBenth.

NNy 2 2.8962 35 40
AlbiziaproceraBenth.

fau 2 7.5773 4.0 40
Cassia surattensis (Roxb) Burm. J.

NIV 2 7.3450 4.5 a5
Dalbergiacochinchinensis Pierre

WeJd 2 6.5889 55 50
Leucaenaleucocephala de Wit

nsgdudu 2 3.7028 5.0 45

nszdudny 2 2.6841 4.0 50
MillerttialeucanthaKurz

a189 2 3.6371 4.5 45
PeltophorumdasyrrhachisKurz

UUVIINDY 2 2.8962 4.5 40

wuvisth 2 2.1469 35 50
Samaneasaman (Jacq) Marrill

iy 2 8.7864 3.5 50

PNNINAFOUNITTUTUTBTT 8 ¥Tn Av Aspergillus oryxae, Fusarium monoliforme,

Geotrichum candidum, Mucor rouxii, Penicillium mameffei, Rhizopus oligosporus, Sporotrichum
pulverulentum wae Tricoderma reesei snavoulasilalpenuanindusaudiv 32 4ila finnududu 5,
10 waz 15 lulasndu wuinlalasuuaanduseuiivudavainansadud adeslaldmiloutu Tny
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THE ANALYSIS OF INJURED AND DEAD PEOPLE DATA FROM ACCIDENT
IN SONGKRAN FESTIVAL BY USING DATA MINING TECHNIQUES

Wilailak Treepuechl*

Abstract

The objectives of this research is to analysis of injured and dead people data
from accident in Songkran Festival by using data mining techniques. The injured and dead
people data in Songkran festival from 2008 to 2014 is classified by hospital from data.go.th is
used in this research. The researcher prepared the data for classification by eliminating the
unrelated data and adjusting the number of answer or result to be similarly proportional. The
classification of data use the treatment results attribute is set as the desired answer. The
algorithms used for create the model were Naive Bayes, Generalized Linear Model (GLM), Logistic
Regression, Decision Tree, Random Forest, and Gradient Boosted Trees (XGBoost). The results
showed that the most relevant attributes are male have a relationship with drinking alcohol
and It was found that not wearing a helmet is the highest importance in classification. For the
efficiency of the algorithms used to create model, Naive Bayes has the highest efficiency when
considering on the accuracy, it has 77.4% of accuracy. Moreover, it is also found that most
accidents occur on rural roads, the driver is male, not wear helmet, no parties/fall down by
themselves, and usually occurs on day 13 of April. Measures to prevent death from accident
should be aimed at wearing a helmet, emphasize the area at highways and city streets. Due to,
if not wear a helmet, then an accident occurs on highways or city streets, based on the research
results, the driver has a high probability of death.

Keywords : Data Mining, Classification, Songkran Festival, Injured and Dead People

ICollege of Digital Innovation and Information Technology, Rangsit University,
* Corresponding author, e-mail: wilailak.t@rsu.ac.th
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EFFECT OF JELLOSE AND SWEET TAMARIND PULP OF THAILAND
ON SOME PHYSICAL PROPERTIES AND SENSORY CHARACTERISTICS
OF TAMARIND GELATO ICE CREAM

Woatthichai Narkrugsal* Piyada Palaya'Thanatchaporn Jaipakdeea'

Suthasinee Yodudom'

Abstract

The objectives of this research was to study the effect of jellose and
sweet tamarind pulp on some physical and sensory properties of tamarind gelato ice
cream (TGI). Tamarind gelato ice cream was produced by using jellose (xyloglucan) and
sweet tamarind pulp from Thailand. Jellose was used as stabilizer at level of 1% and
2% (w/w,db) while sweet tamarind pulp as flavor at level 15%, 25% and 35% (w/w,wb).
TGl was measured mix viscosity before aging, melting rate, overrun, hardness and color.
Sensory test of TGl was also done. Mix viscosity of the mixture before aging was
significantly increased with increasing concentration of jellose and the amount of sweet
tamarind pulp with r=0.48 and 0.58( p <0.05), respectively, while high significantly
increased with the interaction of jellose concentration and the amount of sweet
tamarind pulp (r = 0.84, p <0.01). Melting rate of TGl was high significantly decreased
with increasing jellose concentration and the amount of the sweet tamarind pulp at
p<0.01with r = -0.74 and -0.66, respectively. But overrun and hardness of TGl was high
significantly decreased with increasing sweet tamarind pulp (p <0.01) with r = -0.86 and
-0.99, respectively. TGl have rust color with L*64.09 + 3.03, a*6.82 + 0.57, b*20.59 +
0.12 and hue angle (b*/a*) 71.69 + 1.48°. Sensory evaluation, TGl made from jellose 1-
2% (w/w, db) and sweet tamarind pulp 25% (w/w, wb) was the highest acceptance

score and >70% of untrained panelists accepted in all attributes.

Keywords : Gelato, Ice cream, Jellose, Xyloglucan , Sweet tamarind

T Agro-Industry Faculty, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
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Introduction

Thailand is one of the Southeast Asia country that has many kind of fruits
all the year round. Tamarind (Tamarindusi ndica L.) is one of the Gl (Geographical
Indication) plant of the country, especially at the northern part. Phetchaboon province
(Sweet tamarind city) is the famous area that sweet tamarind has been grown. There is
tamarind seed as a waste (more than 200 ton/year) from food manufactures that
produce seedless sweet tamarind products every year. In 2015, our research worked on
extraction and purification tamarind seed gum or xyloglucan from tamarind kernel
powder (TKP), namely jellose (60-65% of seed) for food utilization (Narkrugsa et al.
2015). Jellose is hemicelluloses and consists of galactoxyloglucan configuration which
has beta—(1-4) linked D—glucan backbone that is partially substituted at the O-6 position
of its glucopyranosyl residue with alpha-D—xylopyranose. Some of xylose residues are
linked with beta-D-galactosylpyranose at O-2 position. Jellose is a polymer with a
molecular weight 115,000 to 2,500,000 Dalton (Nishinari et al. 2009), non toxic (lida et al.
1978) and generally recognized as safe (GRAS), namely glyloid by DSP GOKYO FOOD &
Chemical Japan (DSP GOKYO FOOD&Chemical, 2017). In Japan, jellose was permitted to
use in the food industry as a thickening agent, stabilizer and gelling agent (Gliksman,
1986; Marathe et al. 2002). Reducing the budgets for the imported gum used in food
industry, such as pectin, guar gum and locust bean gum etc., the applications of jellose
for food industry in Thailand is very important and necessary to be done.

With the average temperature between 30-40°C of Thailand and having
fruit varieties all the year round in the country, and together with the ice cream market
in the country expanding 15% of marketing value (about 410 million US dollar) in the
year 2014 (Marketeer, 2015), the resistant- melting ice cream especially made from fresh
fruits was very interesting. Ice cream is one of dairy base frozen product with generally
contains fat, sugar, non—fat milk solid, flavors and stabilizers. The quality of ice cream is
evaluated not only its taste, texture and structure but also the resistant to melting.
Stabilizers, such as guar gum, locust bean gum etc., are usually imported and used in ice
cream production to give the effect on the viscosity of the mix, texture and maintaining
the structure from melting of ice cream (Crichett and Flack 1977; Akesowan, 2008; Tharp
and Young, 2013). Gelato, a kind of ice cream developed in Italy, namely Italian Gelato,
it is a low fat ice cream flavored with fresh fruits that has overrun below 10%, smooth
and viscous than general ice cream (Marshall et al. 2003). So, the research to apply
jellose as stabilizer in gelato ice cream in Thailand is interested to be done. The objective
of this experiment is to study the effects of jellose as stabilizer and sweet tamarind pulp

as flavor on some physical and sensory properties of Tamarind gelato ice cream (TGI).
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Materials and methods

Jellose (purifiedtamarind seed powder or xyloglucan) and sweet tamarind
pulpfrom Srichompoo variety growth in Phetchaboon province were supported by
Pinphet Co.Ltd, Thailand.

Proximate analysis
Proximate analysis of jellose, sweet tamarind pulp and accepted TGl were
done by AOAC (1995) Methods. The data were shown in Table 1.

Table 1 Proximate analysis of jellose, sweet tamarind pulp and accepted tamarind gelato
ice cream (TGI).

Composition Jellose (%,db.)  Sweet tamarind pulp  Accepted TGl (%,db)

(%,wb)
Moisture content - 22.38 + 0.48 -

Fat 1.90 + 0.01 0.31 £ 0.07 10.65 £ 0.52

Protein 2.02 £ 0.04 0.36 + 0.03 7.62 + 0.32

Crude fiber 1.23 £ 0.01 3.79 +0.44 19.42 + 0.41

Ash 3.01 £ 0.01 3.38 + 0.01 2.89 £ 0.12

Carbohydrate 91.84 69.78 59.42

(total by
different)

" The data in this table are mean and standard deviation from three experimental
data.

Tamarind Gelato Ice cream preparation

Six batches of TGl were prepared each treatment represented one batch
(Table 2). The mixture preparation, non-fat pasteurized milk (200 g), whipping cream
(100 g), skimmed milk (10 g) and salt (0.25 g) were mixed and heated up to 70°C for
pasteurization 10 min in water bath and then were cool to room temperature. Solubilize
sweet tamarind pulp (15%, 25% and 35% w/w of mixture, wet basis) with 150 g mixture

and heated up t070°C for 10 min again and cooled to room temperature. Jellose (1%
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and 2% w/w of mixture, dry basis) was solubilized in 100 mL hot water (80-85°C) and
cooled to room temperature. Homogenized all portions together with sugar syrup (70 ¢)
in Waring blender withhigh speed for 2 min, cooled and aging the mixture at 4°c
overnight. The aged mixeswas made to ice cream with ice cream maker (Nemox,
Creaserie, Gelato 5K, Italy) for 20-25min. The ice cream sample was poured in to PE cup
and store at —-18°C throughout some physical property measurements and sensory

evaluation.

Table 2 Jellose concentration and the amount of sweet tamarind pulp added per 100 ¢ of

base formulation of tamarind gelato ice cream (TGI).

Treatment Jellose (% w/w,dry basis) Sweet tamarind pulp (% w/w,wet
basis)
1 1 15
2 1 25
3 1 35
a4 2 15
5 2 25
6 2 35

Mix viscosity

Mix viscosity of mixture before aging was measured by using modified
method of Muse and Hartel (2004). Brookfield viscometer model DV-IIl with small
sample (15 mL) was used to measure viscosity of mixture at temperature 8 + 1C,

torque > 80% and reported as mPa.s (milli-pascal seconds).

Melting rate

To measure melting rate of ice cream, the modified method of Muse and
Hartel (2004) was used. Ice cream 40 grams of cubic cut sample was placed on the
screen which mounted on measuring cylinder at the control temperature 25°C. Every 5
min, for up to 60 min, the dripped volume was recorded and calculated in melting rate

(mL/min).
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Overrun

Overrun of ice cream was measured and calculated in percent by using
modified method of Muse and Hartel (2004). One overrun measurement of ice cream
was taken by comparing the weight of ice cream mix and ice cream in a fix volume

container and calculated as follows Equation (1),

Overrun = (weight of mix- weight of ice cream) X

——of ice cream (1)
weight

Hardness

To measure hardness of ice cream, modified method of Alfaifi and
Stathopoulos(2010) was used. The Texture Analyzer, model TA-Xi 2 was used in the
measurement with 2 mm diameter stainless steel cylinder probe (P/2). Compression
mode, pre-test speed 1.0 mm/s, test speed 2.4 mm/s, post-test 7.0 mm/s, target mode
distance 10 mm, trigger type: auto-20 g and data acquisition rate: 200 pps was used. The

temperature of ice cream control at-10"C in dry ice chamber during measurement.

Color Measurement
For color value of ice cream, Chroma meter Konica Minolta model CR-

400 was used to measure L*, a*, b while Hue angel (tan™ b'/a) was also calculated.

Sensory Evaluation

All treatments of TGl were panel tested by using 90 untrained panelists
with 9 poin—-Hedonic scale (1 = dislike and 9 = very much like) for flavor test and Just
About Right (JAR) method for adjust the attributes of ice cream that accept < 70% of the

panelists.

Statistical analysis

Analysis of variance (ANOVA) was used to compare means of all
observations and using Duncan‘s multiple rank test (DMRT) to identify significant
differences at p< 0.05 with SPSS-program version 23 (licensed for King Mongut’s Institute
of Technology Ladkrabang, Bangkok Thailand).
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Results and Discussion
Mix viscosity

From the Fig. 1, means of the mix viscosity from all treatments were
shown. The results revealed that the TGl using jellose concentration at 2% (w/w,db)
mixed together with 35% (w/w,wb) tamarind pulp had the highest viscosity (9700 + 5.03
mPa.s) while TGl using jellose concentration at 1% (w/w,db) together with tamarind pulp
15% (w/w,wb) had the lowest viscosity (2100 + 7.21 mPa.s). The increasing of jellose
concentration as stabilizer and the amount of sweet tamarind pulp as flavor, will increase
mix viscosity of TGl before aging; the mixture will be increased total solid and sugar from
the sweet tamarind pulp addition. Regarding with correlation coefficient in Table 4, it
showed that increasing jellose concentration and sweet tamarind pulp will significantly
increased mix viscosity with r = 0.48" and 0.58, respectively at p< 0.05, while the
interaction between them showed high significantly increased mix viscosity with r = 0.84"
at p< 0.01. In general, as the viscosity increases, the resistance to melting and

smoothness of texture increases (Marshall et al. 2003).

Figure 1 Mean values of viscosity and hardness of TGl.

s

" Different alphabet on top of the bar were significantly different at p< 0.05

Melting rate
With the melting rate of TGl in the experiments, the results showed that

TGl using more jellose and tamarind pulp will give the significantly lower of their melting
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rate. TGl using 2% jellose (w/w,db) mixed together with 35% (w/w,wb) tamarind pulp
had the lowest melting rate (0.03 mL/min) (Table 3). The correlation coefficients
revealed that increasing jellose concentration, tamarind pulp and their interaction will
high significant decreased the melting rate of TGl with r -0.74",-0.66 and -0.97 at p<
0.01, respectively (Table 4). Corresponding with the mix viscosity, high mix viscosity of
the mixture before aging will give low of melting rate or high resistance to melting TGI.
Because of the ability of jellose and sugar inside the pulp to hold water in ice crystal
form in the mixture, all TGI were able to resistant to melting out of the system like in
the experiment of Muse and Hartel (2003) and Akesowan (2008).

Table 3 Some physical properties of tamarind gelato ice cream (TGI).

Treatment  Jellose Sweet tamarind
(%,db) pulp (%,wb)

Physical properties

Melting rate Overrun (%)

(mL/min)
1 1 15 0.12 + 0.00° 6.72 + 0.08°
2 1 25 0.09 + 0.00° 5.55 + 0.20™
3 1 35 0.07 + 0.01“ 4.01 + 0.39°
4 2 15 0.08 + 0.01 6.80 + 0.61°
5 2 25 0.05 + 0.00° 6.14 + 0.50°
6 2 35 0.03 + 0.00' 5.16 + 0.61°

" The data in this table are mean and standard deviation from three experimental
data.

"Means with the different superscripts in the same column were significantly different
at p< 0.05.

Overrun

All treatments of TGl in this experiment, they had the overrun values
below 10% while most ice creams had overrun around 50-60% (Muse and Harel, 2003).
The results revealed that only tamarind pulp will hight significantly affected the overrun
of TGl samples with r = -0.86  at p< 0.01 (Table 4). It may be due to the sugar in the
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pulp (30-40%, w/w) of sweet tamarind variety (Singh et al., 2007). The sugar inside the
pulp could bound with water and retarded the forming with air during mixing. From Table
3, the lowest overrun TGI (4.01 + 0.39%) was made by using 35% (w/w,wb) of tamarind
pulp and 1% (w/w,db) of jellose; it also showed the lowest melting rate. This contradicts
the research by Sakurai et al. (1996), Sofjan (2002) and Sofjan and Hartel (2004), who

showed that ice creams with lower overruns had faster melting rates.

Hardness

Hardness of TGl will expressed as gram force when probe of texture
analyzer pressed on the surface of ice cream. The results, in Fig.1, showed that TGl made
by using 35% (w/w, wb) of tamarind pulp and 2% (w/w,db) of jellose had the highest
value of hardness (3277.54 + 18.08 g. force). The amount of tamarind pulp and the
interaction between jellose concentration and tamarind pulp will highly affected to
decrease the hardness of TGl with r = -0.99" and -0.60 at p < 0.01, respectively (Table
4) while the increasing jellose concentration from 1 to 2% non significantly affecting on
TGl hardness. It may be due to the high amount of moisture content (Table 1) and sugar
in the tamarind pulp (Singh et al., 2007). The more added tamarind pulp in the mixture
will caused the soft texture of TGl because of the increasing water and sugar in the
mixture could deform ice cream especially the fat net work (Tharp et al. 1998; Ronald
et al., 1999a, 1999b; Prindivilleet al.1999 and Alfaifi and Stathopoulos, 2010).

Table 4 Correlation coefficient between jellose concentration, the amount of tamarind
pulp and their interaction on some physical of tamarind gelato ice cream (TGI).

Factors Physical properties
Mix viscosity — Melting rate Overrun Hardness
Jelellose conc., X; 0.48" -0.74" 0.27™ -0.11™
the amount of tamarind 0.58" -0.66 -0.86 " -0.99"
pulp, Xz
X1 x Xo 084" -0.97" -0.35™ -0.60"

" The data in this table are mean and standard deviation from three experimental
data.

7 at the correlation value means significant correlation at p< 0.05. ** at the
correlation value means high significant correlation at p< 0.01. "™at the correlation

value means non significant correlation.
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Color measurement value

TGI had rust color which had L*, a*, b and hue angle between 60.53 +
2.86-68.48 + 2.93, 503 + 0.65-8.04 + 0.56, 17.71 = 1.03-20.97 + 1.65 and 68.16 =
3.16-77.25 + 2.65, respectively (Table5). The amount of tamarind pulp high significantly
affected to L*, a*, b* and hue angle with r = -0.76 ,0.94",0.69 and -0.82 at p< 0.01,
respectively (Table 6).

Table 5 Color values of tamarind gelato ice cream (TGI) made by using jellose as

stabilizer and sweet tamarind pulp for flavor.

Treatm Jellose Sweet Color values
ent (% w/w,db) tamarind L a* b* Hue angle
pulp
(% w/w,wb)
1 1 15 60.53 +2.86° 454 +027° 1771 +103°  77.25 + 2.65°
2 1 25 64.09 + 3.03°®  6.82+0.56° 2021 + 1.75%  71.69 + 1.03"
3 1 35 68.13 + 336> 804 +056° 2059 +0.12*  68.16 + 3.16°
4 2 15 61.89 + 297° 503 +0.65 1822+ 0.41® 7457 + 1.94%
5 2 25 64.87 + 256°® 677 £0.10° 2053 + 0.84° 7171 + 0.95°
6 2 35 68.48 + 293  7.71+0.20° 2097 = 1.65%  69.71 + 2.01°

" The data in this table are mean and standard deviation from three experimental
data.

"Means with the different superscripts in the same column were significantly different
at p< 0.05.

Table 6 Correlation coefficient between jellose concentration, the amount of tamarind

pulp and their interaction on color value of tamarind gelato ice cream (TGI).

Factors Color value
L a b Hue angle
Jelellose conc,, X; 0.11™ 0.01™ 0.13"™ -0.05™
the amount of tamarind -0.76" 094" 0.69" -0.82"
pulp, X2
X1 x Xa -0.43" 0.62" 0.56 -0.58"

" The data in this table are mean and standard deviation from three experimental data.
7 at the correlation value means significant correlation at p< 0.05. “at the
correlation value means high significant correlation at p < 0.01. ™ at the correlation

value means non significant correlation.
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Sensory Evaluation

From the sensory evaluation of TGl with 9—point Hedonic scale method
in Table 7, the results showed that TGl from treatment 2 and 5 were accepted in the
highest score in all attributes from the panelists. TGl added more sweet tamarind pulp
(35%w/ w,wb) cause lower the total acceptance score than TGl adding 25% (w/ w,wb)
because of there high sweet flavor. After that the two treatments were sensory tested
again with JAR method; the panelists was accepted in all attributes of TGl from both

treatments more than 70% of panelists.

Table 7 Sensory evaluation of tamarind gelato ice cream (TGI) by 9-point Hedonic scale
method.

Treatment  Jellose Sweet TGI characterics
(%,db) tamarind

pulp Flavor Color Odor Texture Total
(%,wb) Acceptance
1 1 15 590 + 1.45° 567+ 147> 543 +150° 6.10+132° 580+ 1.37°
2 1 25 657+ 1.18° 677 +1.17° 643+020° 653+101° 660« 1.19°
3 1 35 593+ 1.41° 657 +125  640+128°  623+165 587+ 1.07
aq 2 15 597 +1.07° 563+122° 553+097° 6.17+121° 590+ 1.07°

5 2 25 6.90 + 1.22° 6.80 + 1.06” 6.30 + 1.24° 6.73 + 1.20° 6.87 + 1.17°

6 2 35 593+ 1.23°  653+122° 577+138" 630+139° 583+ 1.15°

" The data in this table are mean and standard deviation from three experimental data.
"Means with the different superscripts in the same column were significantly different at
p< 0.05.
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INFLUENCES OF THE NUMBER OF TOURISTS ON THE ALTERATION OF TEMPERATURE
AND RELATIVE HUMIDITY IN ANCIENT BUILDINGS

Ananya Popraditl* Roj khunanake?

Abstract

The study of air temperature and relative humidity in three major national
heritage sites in Phra Nakhon Si Ayutthaya Province. The chapel of Wat Na Phra Main, the shrine
of Wat Phanancherng, and the shrine of Wat Monkhol Bhorphit, 3 places of the most interesting
with a large number of tourists visiting each day. The air temperature and relative humidity of
are one of the important factors that can lead to deterioration. Phra Nakhon Si Ayutthaya is a
terrain plain with higher humidity in various seasons than other regions. The number of visitors
that come to visit the building can affect the temperature and relative humidity. This accelerates
the chemical and physical changes of the material. The study was conducted by installing five
automatic air temperature and relative humidity detectors and counting the number of tourists
every 15 minutes, corresponding to the recording of temperature and relative humidity data
from the automatic recorder over a period of 7 days. The relative humidity of the air at various
locations was significantly different. Position and time factors did not interact at the 0.05 level.
Analysis of the relationship between air temperature and relative humidity with the total
number of people within the building at any time in the three archaeological buildings was
found to be linear. The results of the regression analysis showed that the number of people
influencing the air temperature and relative humidity. As a result, the air temperature inside the
building increased significantly and the relative humidity decreases. However, the coefficient of
confidence is not very high. It means that other environmental factors could be influenced on

such variation.

Keywords : Air temperature Relative humidity Ancient buildings
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THE USE OF ALGEBRA TO PROOF THE NINE-POINT ELLIPSE CONSTRUCTED
BY RIGHT-ANGLED TRIANGLE CONFORMITY OF THE NINE POINT THEORY

Kachin Kokanotapronl*

Abstract

This research aims to study and present the proof of the nine-point ellipse
theorem which constructed by right-angled triangle by using algebra, and to show incenter,
centroid and nine-point center which associated with generalization of the Euler line. The result
showed that the nine-point all lie on circumference of the ellipse and incenter, centroid and
nine-point center associated with generalization of the Euler line.

Keywords : Algebra, Ellipse, Nine-point Ellipse
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atb+c
y= bc
at+b+c
v 8 oo = bc bc 0«
sthu iR H Ao § = fanwdt 3
Ba+b+c'a+tb+cd

wiinge F1dugn “mamﬁumaﬁchua;ﬂ A uazan H fnfiu BC

vas ° =~ v o Ao Ao « & bc bc 0
1%]5'{]’1?%7‘”’1‘“@\‘1Lﬂa’lﬂ‘uﬂuﬂ’]iﬁqw ﬂiﬂqﬂ H ﬂquu W ﬂﬁ!ﬂ F a® b b mﬂ’l‘W‘Vl 3
+C + CQ

) P a o = = —_— =~ o w
VUABUN 3 MINNAIA G, | ey ] mvdua;mmnmwaﬂ AC,AB laz BC auainu
war  Mfidege K,L waz M Fudugensnaiawes AH,CH wazBH anud1du

oo _a&+0 0+cd_& cod ~w _a1)+b 0+00_ado 9
WA G-g , =60, -+ WNngm |-§ <= g— =
) 2 2 0 20 ) 9 €2 o
~ o ah+0 0+cd_ab cd oo & be 9
wnnga J = , 5= 6=, == nnnga K =
' 2 20 §220 K 2(a+ b+ c)' 2(a+b+ C)g
& 0 6
ifingn L= g < lar 2+ 0)f fifngn M = Eb(a+ o o
' 2(@+b+c) 2(a+b+ C)g : 2(@+b+c) 2(a+ b+ C)g

LAPINANYn G,1,J,K,L1ag M ﬂﬂﬂ’]‘W‘W a4

3

c(a+2b+c)
" 2(a+b+c)

6(0,~)
Et- N\
kv
‘a+br+‘c-"':§+b{c__r : \ T bc
\ B ‘K( be - 2(a+b+c)
be . > x 2(a+b+c) 2(a+b+c) b ‘ .

A0 pe 0 B(b,0) A0 D [0 )
A 3 fidegn H WA 4 RN G,1,3,K,Ludg M

FURBUN 4 MANN1THIT 1AgATINNAUNTNYUILAIGIABIEDIAILUS

A+ Bxy+ Cy’+ Dx+ Ey+ F=0 iflo ABC,D,EI R e (®)
L1, , C, B D E F
U1 = duns(8); X+ —y + —xy+ —x+ —y+—=0 ... 9
A () Ay A y A Ay A ()
B C D F \
Wa=—b==c=—,d=—uay e=— wumbuaums (9
a’.l Abl A 1 A 1 A 1 A ()

k.
P X
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Fala axy+ by’ +cx+dy+e=-x e a1 b,,c, dl,eli R (10)

s a0 OF - ohe 2 tep S oo

& pe bc ©
K : o
gz(a+ b+ c) 2(a+ b+ c)g
= 2.2
S ghe O ve=- P 1)
7] a+ co (a+ c)
. & 202 0 =
sgn Ef, 2SS & bre b+ & be Oidl e=0 @2)
! a+ bo §a+ b)-g- ga+ bo
. x co &?0  ard
H1u9n GO, —= th+6-=d,+e=0 . 13
M AP yEal Tr ol (13)
. ah 0 aho b?
H1ugn 1§=,0% —c+te=-— 14
) 2 0 gz:;jcl 4 %)
X Q ¢ b2c? u ¢ 2.2 u
e KE bc bc 2 e J}w% bc 331 bc
2(a+b+c) 2(a+b+c)g 8zl,(a+ b+c)yy @a+b+ c) B g(a+ b+ c)g
¢ 2.2
L TR (15)
@@+ b+c) 4(a+b+c)
9nauns (L1)8s @5) landninasiasaes (Cramer’s rule) Al a by, c,,d, haze,
§ 0 0 be 0 1
% a
g bc? bc y o
g — 0 i QU
€ (a+b) at+b U 0
§ -
y & c c L ¢ty
W A= g 0 c 0 d 1 . X = & Yuaz
¢ty
g 4 2 ! U
: : LB
0 0 = 0 1
& U
g 2 H &11}
§ b’ b*c? bc bc 11,1
#a+b+cy 4(a+b+c) 2(@+b+c) 2(atb+c)
(S
. so
LI
T
¢ 0 Y
¢ 0 i ,
B= g , glészuuauns AX = B e det(A)lnnszanemunani 2 (j = 2)
€ U
SR
e
b
§ 4@+b+cyy
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det(A): a aiZC:iZ = alZClZ + a'22C22 + a32032 + a'4ZC42 + a52C52
i=1
0 be o 4
a+c
2.2
. bc : 0 bc 1
b°c (a+b) a+b
2o = 4(a+ b+ c)2 2
¢ o ¢ 1
4 2
0 9 0 1
2
& b%c? bc 0
- 1 =
(a+b)y a+b 0 o 1
_ b bc § ¢ c L b| b*c’ bc E
4(a+b+c)E a+cy 4 2 2|(a+ by a+b [
0 0o 1 o I
- -
4 2 I

F9let det(A)=

5
Jldl det(Al): ﬁ 3;,C;, =

b’ § bc‘(a-b)  bc(a- b)§
4(a+b+c) @(a+c)a+by 8(@+b) g
_8 pe? mpC(@-b)a-c)j_  -b'c(a- b)a- c)

@(a+b+c) i 8@+ c)a+b) j 32(a+c)a+b) (a+b+cy
- b'c®(a- b)(a- c)
32(a+ c)(a+ b) (a+ b+ c)

Q’ 2.2 ];1
§ . b 0 be 0 0
£ (a*c) a+c 4
g b%c? bc 0
€ > 0 1q
g (a+c) a+b u
:
2
0 < 0 c oy
€ 2 u
g - L 0 b 0 1
g b*c? b?c? bc bc 0
g 2 1u
§ 4(a+b+cy 4(@a+b+cy 2(a+tb+c) 2(@+b+c) g

a1 det(A) 1938nsAwiiuesiiumsmen det(A)
b’ (bc- ac- ba+ a?)

. " 16(a+ c) (a+ bY (a+ b+ c)
_ det(A) _ 2b(bc- ac- ab+ a®)

%7 %et(r) @+ o)@- )@ b)

ATUNS Innumnsel
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é 2.2 U
g 0 i b°c : bc 0 13
g (a+ b) a+c u
¢ bc i
0 0 0 1;
g a+b lf]
WoA=f o 0 0 c
AZ - & E 1U
¢ !

2
§ 0 NLE b 0 1
8 b%c? bh%c? be bc 13
¥ ) 1
SA(a+b+c) 4(@+b+cy 2(@+b+c) 2@+b+c)

A det(A,) TgiBmsuwinsiusafeaiunisvia det(A)
b°c*(a- b)(a- c)

32(a+ b+ c) (a+ c) (a+ b)

y _ det(A)_ b(atb)

9l det(A)= -

PaTiy =
" det(A) c(a+c)
5 2.2 0
§ 0 L 0 10
X (a+ c) b
u
g b%c? bc 0
¢ — 0 1
& (a+h) a+b 0
& u
1 & 2 u
T A= g 0 ¢ 0 < 13
€ b2 U
£ 0 0 - — 0 1
g ) !
& b%c? b%c? b*c? bc i
€ 2 2 2 Iy
@@+b+c)y 4(a+b+c) 4(a+b+c)y 2(a+b+c) g

WA det(A,) 1EEnsAnayhuesfieniun1smen det(A)
b°c® (- 3¢® + a® + 2ac)(a- b)
64(a+ b+ c) (a+ c) (a+ b
v ¥ det b(- 3¢*+ a’ + 2ac
o o = S8 b )

det (A) 2(a+c)(a- )

Fala det(A)=-
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o
o
oy
N
(o]
N

—9
e
I
DDA DHDDIDDIHDHDDHDDHDODHDD
o
o
N
N T o o
o

b%c? b%c? bc ) b%c?
#@+b+cy 4(a+b+c)y 2(@+b+c) 4a(a+b+c)

A det(A,) T38n1sAnasiueafeiiunIsmean det(A)
b°c®(a- c)(- 3b°+ a’ + 2ab)

A det(A)= 64(a+ b+ c) (a+ b) (a+ cy

v Y det b(- 3b®+ a’ + 2ab
ANUY d, = (A“): - ( )
det(A) 2(a+c)(a- b)

15
é 2.2 ¥
2 0 0 bc 0 b : ﬁ
é a+c (a+c) 3

2.2

g 0 bc : bc 0 3
& (a+b) a+b U
§ : y

A= g 0 ¢ 0 c 0 g
: ’ i _
£ 0 0 b 0 LN g
¢ 2 40
& bc? b%c? bc bc ) b2c? g
§4(a+ b+cy 4(a+b+c)y 2(@+b+c) 2(a+b+c) 4(a+b+ c)zﬁI

A det(A) MBnsFwayhueufsriunismen det(A)
b°c®(a- c)(a- b)
64(a+ b+ c) (a+ b)Y (a+ c)

awle det(A)= -

¥ 2
fatiy e = det(A)_ _bc
det(A) 2(a+c)
, 2b(bc- ac- ab+ a’ b(a+ b b(- 3c*+ a’ + 2ac
WNUPN a, = ( ) p, = b@+b) = - ( )

(a+c)a- c)a- b)' ' c(a+ c)’cl_ 2@@+c)(a-c)
_ b(- 30°+a®+ 2ab) b2c

: 2(a+ c)(a- b) 2(a+c)
nauns (10); axy+ by’ +cx+dy+e =- x°

luaunis (10)

uay e =
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ga(bc ac- ab+ a’ )HX q)(a+ b)Ll % b(- 3¢®+ a”+ 2ac)¥
8(a+ c)(a- c)(a- b) g:(a+ c)g § 2(a+c)(a- c)
g b(- 30°+a’+ 2ab)u ¢ b 3_
% 2(a+c)a-b) § @@+o)
@c(a+ c)(a- c)(a- b)x*+ &bc(a- c)(a- b)xy+ @b(a- c)(a- b)(a+ b)iy*-
de(a+ 3c)(@- c)(a- b)x- pe(a+ 3bv)(a- b)(a- c)ly+ p’c*(a- c)(a- b= 0
dnguauns
2c(a+ c)ix’ + [Abclxy + @b(a+ b)ly*- he(a+ 3c)x- he(a+ )y + g)zczgz 0 . (16)

! I3 A v 1Y wa o
MNIIABUIHAUNTT (16) Wuaunsissrselilagenfuaudinisdundssianueinia

W

Jale x>+

Fansaeseluil PNFUMINYUNAG DD IUUT AX® + Bxy + Cy + Dx+ Ey+ F = 0 1Juaunis

a

w“ﬂﬂwwugﬂ’m 01 B?- 4AC< 0 (A3UAT WINITEY wazwuAng Unewdies, 2544) anaunns 6)
161 A= 2c(a+ c),B= 4bc waz C= 2b(a+ b)

- B? 4bc b o

wsan o 4gc(a+[c){g]zbc(a+ b)u @+ o)+ b)< 1 wes1n a,b,c> 0;

3§ B?< 4AC tiufle B’- 4AC< 0

e aums (16) tHuaunsaes

NANTIVY
NMTITYNUDN
1. 92Ud@n9319a D,E,F,G,1,J,K,L Uag M @0AAR0IANNITINT 3INAUAITIET
(16):;
ech O xech &
WR15001 YA Df——.03 2c(a+ c)Eg + - de(a+ 3c)}g %+ b
! atc o a+co a+co
b2 2
[2c a- 3c+a+c]=0
a-+

0= 0 Wuass

ch
Fal61 90 DE-> 0 AAAADIENNITIT (L6);
a+

dmiuam E,F,G,1,J,K,L uwag M 1838n1suansviueafeniunisuansingm D
A9ARABIANNTTIS (16)
fedu 90 D,E,F,G,1,3,K,L uaz M denndoiauniads

2. aguaneingaaudnannglu (H) 99w (G9 uar Iaqudnannss (N) deandes
dnuwaiginluveadusesians
MAAUINANTDNIT NAUMITNUUAEaRdaeiiuls AX + Bxy+ Cy> + Dx+ Ey+ F=0



56 | U 14 atun 1 @ATIAY - WU WA 2562) ABuvS Innymnsel

v, . o ~ 2CD- BE 2AE- BD
21 B*- 4AC!' 0 9AAUENANVDINIAAANTIEAD h= ———r lazk= ———

v B°- 4AC B°- 4AC
(87ma 53513y, 2542) NENN15T (16) F9ld A= 2c(a+ c),B = 4bc,C = 2b(a+ b),
D= bc(a+ 3c) waz E= bc(a+ 3b)

_ 2CD- BE _ 2@b(a+ b)¥ bc(a+ 3c)t [abc]be(a+ 3b)3= b(a+ b+ 2c)

 B’-4AC [bc] - 4Qc(a+ c)ipb(a+ b) 4(a+ b+ c)
_ 2AE- BD _ 2@c(a+ c)¥ bc(a+ 3b)t [abc]é be(a+ ) c(a+ 2b+ c)
B*- 4AC [4bcT- 4@c(a+ c)¥b(a+ b 4(a+b+c)
v b o @(a+ b+ 2c) c(a+ 2b+c)d

SIRTRIEETY NE : T
4(a+b+c) 4(a+b+c)F
wafiingn G¢ Jufnaniudniuvesdiuvendunss Cl Audmveudunss BG 14
aa o = v W a o v & a o a Kb CQ
Bmsvhweadvaiufunsndiingn H el fidagn G¢ fie o, ==
5
wuanedNgn H,G¢ uar N sguuldunsuiednulay lnguanadnmnavesgaisaiull
bc c(a+ 2b+c)
atb+c 4(a+tb+c) c(a- 2b+c)
bc b(a+b+2c) b(a+b- 2c)
atb+c 4(a+tb+c)
bc c
- y a+b+c 3_c(a- 2b+c
fonsannudu m =-atbre 3 )
He¢ bc b b(a+b- 2c)
a+b+c 3
c(a+t 2b+c) ¢
- 9 4(a+tb+c) 3 c(a- 2b+c)
#saANdy m_ = =
Nt b(a+tb+2c) b b(a+b- 2c)
4(a+b+c) 3

N Mgy = M, = M, AW gn H,GE uag N sguulduasauneny ... @7)

AIUTUINIAUY NIITUAIUTY Mo =

ALUANII ‘m‘ = 3‘NG;§

(&) -

§+b+c_ 4(a+b+c)y @+b+c 4(a+b+c)y

_ \/b2(2c— a- by +c*(2b- a- c)
- 4(a+b+c)

¢ 2 . 2 2 > ; >
G- J%(g_bz) o], $er v ) cf P @oa by re @ a o)

’ 2 ’ 2
|m|: \/9‘ bc b(a+ b+ 20)3 L5 be c(a+ 2b+ c)ﬁ

§4(a+b+c) 53 §4(a+b+c) 5% 12(a+ b+c)
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\/b2(2c— a- by’ +c?(2b- a- c)

Q |HN| 4(a+ b+ c) 12(a+ b+ c)
fi91san = _ _
ING{ b (2c- a- b + c*(2b- a- cf 4@+ b+¢)
12(a+ b+c)
dodu [AN|=3Ned (18)

INAUNT (17) wazaun1s (18) 39lad1 3 H,G¢ uag N denadasdnunsnlivesdusssiass

HINTNT 5

A(0,0) ! B(b,0)

Ml 590 H,G¢ uaz N aenadasanuaziilivesdusesiass

dyUuazafiuenan1sIvY

MnHanTibagUuazaiusenaldsedl

1. ﬁmmwmmamﬂmammaaummﬂim 7 i amﬂmmmaumwmeimmawm
gonTELTB LAY ammﬂmwaqmummu uaz gaRnawoudunsITiaInngaseaiaL iy
ausnanmeluiafgaoguudusousiadd dsaenndesiunansifoves fiia A Jawan (Michael,
2006) NE1331 AANABYUWAUTBUIUVBINIAGANTIY Lazfiaeanndesiuauidoves aduns
Tnnymnsal (2559) filddnwide 3ee msldfwadialunmsigaiadiinga namsisonui gevans
youdunsafiuisniasesaentiiay gainanswesiuiaa way gafunansreadunssfiaInan
wenaufugaauinasneluiaingaoguudusousuas

2. gaguinansanslu 9n9am uay RAUENAIIvBIT TaugnoguLdunTuAEIT
uazaenndesantAdnvuziiluveadusesiass Jeasnandesdiunanisidoves diwa @ Jalaes
(Michael, 2006) na1vigagudnanniely ey aduinalsvesnAiangiy denndeswautives
dnvaihluvendusssians uazdiaenndesiunuiduues aund Innymiasal (2559) lddnyide
309 msléfvadalunisfigatasifign wans3donudn gaqudnatsntely gesiumia uas 9a
AudnaessiTauneguudunsuinatunaraonndasdnuusilurendusesiaes
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dalauauug

Forausuurlunsifoaded

Tunmsfigauidiiseldsonduaidrnudeadnmans tsviadanatn (The geometer’s
sketchpad) lumsyharandlanguideunisiigat 14lunsnegy uaslifivadniifediv szozma
sEWNagARagn AtAYeIgnRanats A uduvendunss aumsvedunsa 2163 aunsmuinideaes
Aowuls MsduunUsELANYeINIARNTIY YaguinaweIARANTIY MuwRELAde lendnuales
lafdurilnauveseiam uasndninnusinsiues lumsfigad fiaulansdnuasdesdauiiugiuludos
fanan gauleenadiiumside figanguilaeisaulddn laun msfigaillagisunnde

Forauouurlunmsifoadeoly

nsfigatiediigalusuifeatvl afrsgatauianguaumisuguainla q &
anunsasidumsidesielulnsaqanaiilsanumdeds q
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= va ard
msfinwauEntRvIUsEn1svasHdu AL
weng daua’ qdide wiashw’

unfnga

Anwvmnansalaaiuenzaslumsudniidufun Ineldlalneu 0.25 nfude
\walad 0.25, 0.50, 0.75 wag 1.00 n3u mudfu MnuanTiaTgimelaies FTIR wui iy
Aupuiifinluyas Wavenumbers 1635.37 i1 1636.84 cm™ Usng) waasliiiudsnisiialu
asUsznouldsdouszuinlalaeuuaziaalaaiiiondn Auay (Chitam) wagiderrfiduitléan
pyvaNTRUIsUsEMSvesTldNALANTHGRL nudn iegamainndesganssmiBianaseunuy
doans1n (SEM) Hufhvesiidufunuaziinunsagusy daiidufunuiisnsdlalneudeina
Taa 1:4 finnuufaussuarBanguiian wazifloiiuuiinuiealoaazdmaliunaqdunid
HunfivudeuluiiduAunuivsinaena wilothinaserudumunsasyiulnves
\He98uv3S (Clear zone) wut WawAunslaifiqrdlunisiudogduvas

Ardfiny : TduAuay, lalag, lelanguay, walag, ﬂ?ﬂﬂﬁﬂﬂﬁiﬁiuﬂﬂiﬁﬂuﬁ;auw%é

! pruzgnamnsaunygs anvumelulagwszeemnandinammaianssUs SmiansunmumIunT
" §finusuan e-mail: woatthichai.na@kmitl.com uaz 60608029@kmitl.com
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STUDY ON SOME PROPERTIES OF CHITAM FILMS
Pornpatu Adair’” Woatthichai Narkrugsal*

Abstract

Study the appropriate jellose content in film production was conducted
production by using Chitosan 0.25 ¢ per 0.25, 0.50, 0.75 and 1.00 g of jellose respectively.
From the FTIR resuted that all of Chitam films had peak time in the period of
wavenumbers 1635.37 to 1636.84 cm™. It shows the formation of a complex between
chitosan and jellose, namely Chitam. Films were examine some properties with the
morphological of film by SEM, chitam films has a rough surface. Chitam film from
chitosan:jellose ratio at 1:4 had the highest values of tensile strength and elongation at
break. From total plate count, it reviewed that increasing ratio of jellose all
microorganism will be reduced. Regarding with clear zone analysis, it was found that

Chitam film at are not antimicrobial activity.

Keywords : Chitam film, Chitosan, Xyloglucan, Jellose, Anitimicrobial activity

! Faculty of Agro-Industry King Mongkut's Institute of Technology Ladkrabang Bangkok
* Corresponding author, e-mail: woatthichai.na@kmitl.com ias 60608029@kmitl.com
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unin
1¥97% (Tamarindus indica L) L8ufivluidssg oglunssna Fabaceae
(Leguminosae) +a3ayiRuTaluuszimasngg w1nndn 50 Uszmasialan (Kumar et al., 2008)
Uszinalneifuuvasgnuzuvunnlng feaamnssuiiieadesiuuzvandudmoumn 3
nAnSousiurrdungldianzdueaieusanu duvesndausruiuvewnders Fuie
Tuwadnugamludivveseulnalsuayldndnnudnauyyu (Tamarind kermnel powder: TKP)
Faesdusznoumunivesaudausruusznoudeansindueaailsd 50-60% lnelwdusann
Isdmdniiwude lelanguay siseii3uniuin 1walaa (Marathe et al., 2002)
walaavszneulufethnaluanaiies 3 via do diananglaa (glucose)
danalalad (xylose) waztmanuanlng (galactose) lusnsndau 3 : 2.5 : 1 Tnedl (1—a)-
B—D—glucan hag (1—>6)-0-D-xylose Huaeis wazd (1—2)- B—D—gatactose Wunud
U9dIU (Goyal et al., 2008) 67?5LaaIaaﬁmmmmm’tumﬁuﬁﬂﬁqﬂLLazaza’mﬁwlﬁﬁ Ay
asdanannseu Anulunsndie wazusudou Juilmealaagniiuiussendldedng
neunslugramnssusngeg (ELSidding et al, 2006) a7ty Wuanshinnudunia ansli
AnuAsis arsvaunlusiu vie Jundfaudsiiousuupinuandinisivauazanuieuves
NARAMTIANGY (Kumar et al., 2008; EL-Sidding et al., 2006)
lelnguuoyiusvedlafuiilaannsiufisonsifavyesifavesiinta N-
acetyl-D-glucosamine aaﬂﬁlﬂﬂaﬁﬂ‘uaﬂiﬂauﬁgum 50 % ‘cﬁy‘ublﬂ (Aranaz et al., 2014) Fonng
\Afia Poly-(1,2)-2-deoxy-D-glucose fiimiinluianags luazatstn wndnnautfu
cationic polyelectrolyte, chelating Wag dispersion forming LLazLﬁaﬁmﬂﬁﬁg -NH, fiansuou
fuvuad 2 vilulaleuanansoazanglaluansazatonsaeeu (Kumar et al, 2000) Uenang
fefiuszquuasluanadsaunsagevaansiodlanusssuyd neluneluinnisanansmiodu
uanmzsedunasy uasddinuantilumanaduiia vilksanuardvmns s futag
madenlugnavnssundnindwesduasizi (Tan et al, 2009; Croisier et al., 2013)
dmTusi1 “Auay (Chitam)” Susn91nd 2 fsauifuie # (Chi) 1nandi
Chitosan Wa¢ WAy (Tam) 11990@1371 Tamarind §AuauiAnainnisiinaisszneuidediou
seninmyueadlanvedaalaauazvyeziiluves lalagudieiusylaviaudiindu
asUszneudadouiiiunin Auny Tneisnsdiuveslelanguaudulalneu 1:3 axviilviead
fanuudausags ansanusonnufeuldd fanuanuisoluiudeqfunds uazauis
Yurldiduansifiuusse1ns (food ingredient) il (Simi et al,, 2009)
maeiiadinguarasdfnsfnuviinansalaafivanzadlunssdafidufum
Tnel¥lalnenu 0.25 ndusieiaalad 0.25, 0.50, 0.75 waz 1.00 N3 ALY WiouvInsI19d0U
autAuisUsznsvesiiduAuaNTinGals enfidu Anumun dugruiaseazidonvesdnuny
NuRavelldy aruaunsalunisdiunseiavianaznisdada (Tensile strength and
Elongation at break) uazmuausalun1sdugduvsd (Antimicrobial activity) 1Uusiu
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MQUILAIAYaINITINY
LiffeRnwnavesaalaaiiiinadensinaisussneuideussninaaalaaiule
TnguluseninanseuIundnilauAumau
2. WieAnwaudRvissensvedlduuaudinanle
A NAUNITIVY
WA
Tunaeassilléiaalaa (MW agsenring 3.42x10°-10.1x10° A1ad) 11
Uit Tumes $1in Ssinesysal uaglalamnu (Shrimp chitosan polymer type 40 Mesh
Pass, MW 1.14x10° aasiu) 910 Ta Ming enterprise Co., Ltd Uszwealne
NSHARTIANALAL
fusdasdiuvedealnsussmalaaildlunsndafiduuny fauanddunisis
TngnaunuNInaaeLuUduanysal. (Completely Randomized Design: CRD) Fadaduil

i
AN Ao USunawesaalaaivunyadlunsuanilauauway

1
oA

a s

A15199 1 ons1aruvadlalavusetaalaanldlunsuaniauAuwmy

dnsnduvedlalavuneiaalaa Ialagu (n5u) walad (n3w)
1:1 0.25 0.25
1:2 0.25 0.50
1:3 0.25 0.75
1:4 0.25 1.00

Funeunisuaniiduaunuazulsansazaseonu 2 @ tdun arsazaneves
walaa Imen1suealad 0.25 ¢, 0.50 g, 0.75 g way 1.00 g mazm&iuﬁmﬁu%@uﬁqmmﬁ 85
o US1ms 10 wa. Muwrsuiauansauvesradlmdfudunan 15 ui auauaalagazany
VR INTUFANNSADETRN 4% (USuns/U5u1ms) 25 va. udiiansaraseaaailaluniugie
\A309 Digital Dual-Range Mixer A2135250U 220 S0U/U1il ﬁqmwgﬁﬁaa Huaan 30 wii
wazludiuvesansazate avinlalawiu 0.25 A5U Wnazatensnezdin 4% (Usu1ns/Usuns)
U315 25 ua. senield 10 undt aulelmeuazans udaniudeedes Bamix Hand Blender
FEAUAILLTIGIEn ﬁammﬁﬁaq Wuwan 2 uidl aWﬂﬁ?umumiavawalwimmﬁaam%‘lm
Digital Dual-Range Mixer AILSITOU 220 5a‘u/uw| wamwnmaa Wuan 10 il wddam
AN5ATANET 2 drunELSINTY Lmeumammmm Digital Dual-Range Mixer AUL5I50U
220 50U/417 1uiaan 2 udl mﬂuummawaiaa 25% (thwtin/din) hmtinvese s
m‘mmiumiauma) AIUAINY l,l,mmumammmaa Digital Dual-Range Mixer 213115350V
220 SoU/Ui wammwm et 5 wiit 9T INALAIUULNYBEASAATUIA 10X 12
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gy, WdipSosoulaa gl 37.5 oy 1uan 6 vu. udFsaenuiuilduesn antuily

TnTsvnuEnvagkazantiuaUsNTve e ingala

\walaad 0.25 ¢, 0.50 g, 0.75 g Wag 1.00 g lalawu 0.25 N3 + NInozTRN 4%

+ Unauiigaungil 85 o

ie AUYDINAL TN

WUNIRasTRn 4% (USuas/Usues)

v

(Usuws/dsunng) 25 ua.

\Lé wainald 10 u.

nulagly Bamix Hand Blender

\

ﬂ’)uIﬂEJI%’Lﬂ%a\‘] Dlgltal DUaL—Range Mixer ﬂ'guimaisgLﬂ%aq DlgltaL DuaL_Range MiXer

l

]

v

NENaNsaraneLRaladwas lalneudne iy

!

mulagldip3es Digital Dual-Range Mixer

\

Tandwasea 25% (hutn/admin) (Wrinves

Yoawduiamunluansazas) audieu

v

\

nlneldia3es Digital Dual-Range Mixer

\

WIVDINAN VUL UDZASAA

v

YU WAIDIDULIA

\

AduAwY

s

4.2 o =
AINA 1 VURBUNTNEANAUALAL
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Anwnavesaalaaiiinasenisiinasussneudstouszniraaalaaiulale
FUlUIEIININTLUIURA AT AUALAL

FTIR (Fourier Transform Infrared Spectroscopy)

Tngldiados FTIR 8%e Thermo scientific $u Nicolet 6700 Usgineigasiiy

nsfnwautRvIasEnsve s AuAL NGRS

AU (Thickness)

Tamnunuimelulasiwesuuuiinea lagldisn1snszinuuinsgiu 1SO
4593:1993 (ISO standard, 1993) g1ia 5 A1uns (UUTUNAGBY 5x5 M9.43.) udWALAA
ANUNUIVRITEY

scanning electron microscope (SEM)

nsRnudug LAy IBazLBuaTesdnuue iuitvesildy Taeld Scanning
Electron Microscopy (SEM) Ve LEO $u LEO 1455 VP UssinAlgatiiu fifndsuens 1000 way
5000 i

AUAINITATUAITATULIIRIVIALAEN1SEARY (Tensile strength and
Elongation at break)
Tngld38n9Tiasgsinn ASTM D 882 1JuninsgiunsvnaeunnauyRused
Envouriuilduuardnmanainunsiiiaramuniiosndt 1wy, vie 0.04
ANNENNTAUNTIURAUVSY
Sedana &

1ngN1395390 YT AUNTINTTInanun (Total viable count) agldid

v
a ] a N 6

WOSINAY LagNAFRUAIINAIUNIUNITASYLAUINYRNTaAUNSE (Clear zone) agldiF Disk
diffusion (u%3g1U AATCC 147)

NaN133Y

Anvmavesaaladuazndigeseaiidnaronisiinansuseneulsdoussninauma
Taanulalagulusezning

FTIR (Fourier Transform Infrared Spectroscopy)

PNNANTIATIZI FTIR feiades FTIR dauanslunmi 2 wuiildufunuiiie
Tugas Wavenumbers 1635.37 19 1636.84 cm’™ Usng) LLaﬂﬂﬁLﬁuﬁmyj aliphatic secondary
amides e3lRdiuin nsmex@in 4% (oH Usvanas 3) Wustlnaladin (elycosidic bond) wosle
Tanquauazgnlelasladénense (Acid Hydrolysis) dsualsunuveaaalaaiinnuausiums
71 1 vowflensonda (-OH) Wnoen waziAavsiueadlen (-CHO) Fu MnduazinansUszney
Wedousenintmyueadled (-CHO) vosaaladuaznyoziily (-NHy) vadlalngnumeiuselan
wudAaluansuszneudsfouiifonin Auns (Chitam) Fsaenadesiunuidenes Simi et al
(2009)
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msAnwautRiuieusenmsvesidufuauiingnle

AU (Thickness)

AauAwnuludnsidrulalawusataalad 1:1, 1:2 way 1:3 Taranunun by
uaneineniy wadanunintesniauausnlusnsdiulaleeiusonalaa 1:4 egedtdedAgy
n9adf (p<0.05) fanandlumisnedt 2 wansliifuinflduAunufiinisdfinusunaealaaly
snalalawusoalaaidu 1:1, 1:2 uag 1:3 LiflnavilviduAuaudanunuiwananeiu
gl dyneadn (p<0.05) uidlafinUsunansaladlusndnlalasuseonalaadu 1:4
ey ALnL AT ramuuanaeiuegndiudfyn1eadn (p<0.05)

M19197 2 LARIAIAIILNUIVDINALA WAL

dnsduvadlalarusiaivalaa AUV (113.)
1:1 0.06 + 0.01°
1:2 0.05 + 0.01°
1:3 0.08 +0.01°
1:4 0.09 + 0.01"
mnee: ¢ fsnwsiisiulunufuaruuuewfstuiauuandisegnafideddamg

1Y

adnnIzAUAMUTEIU Soaz 95 (p<0.05)
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%Transmittance

Wavenumbers (cm-1)

AT 2 FTIR spectra 9049 A, 9, A Wag 1 WanAuauisnsidwlalaguseaalag 1:1, 1:2, 1:3
wae 1:4 augeu Tnewiundwesea 25 % udn/dinin) @uninveseauda
Panualuansavane)

scanning electron microscope (SEM)
1% ca & ' P v 2 e
AMANNFORaNIIAUBIANATEULUUADINTIA (SEM) (1151971 3) wanslviiiuge
anuwauRIveIlauyiingne) Awansaiu nandfie fuivelduAunuslidnuueIse wax
nuNsAnasUTENe ULt usEnIamyuealas (-CHO) veuaalaauazvsliadiu (-NH,) vadla
T FeaonAdaIuNANITIATIEIAELATE FTIR (A4 1, 2 Uay 3) Lazasnnnediunuidy
¥84 Simi et al. (2009)
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A15197 3 anvaziulivesiidauduny Ingldndssganssaudidnasounuudonsia (SEM) 7
Masveny 1000 Wag 5000 i1

1Y [

anIEIU JeAUNIAIUEIY (1)

ypdlaly 1000 5000
YIUADLAA
lad

1:1

1:2

1:3

1:4

AUAINITATUAITATULIIAIVIALAEN1TEAAD (Tensile strength and
Elongation at break)

NKANITUAATILRAIANUEINITOTUNITATULTIAVIALATNTEAR IV INAY
Auny Tneldirsedinszaiieduifa (Texture Analyzer) fauansluansnadt 4 wuifiduAumsily
dnsrdiulalagiuselaalad 1:4 TANUEINITOIUAITANULIIRIUIALALNNSERFIYaITaLLIN
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'
a

fign nanfe Fduvdaddanuudanssazdanguiian Judoiuusunaalagasyilifiay
AU AL AUANLNTOIUNITANULTIAVIALALNTEARANLINTY LEBI9NTRS1E@IUTEUINaLA
TngnumoLaalaanvunrauasyinlminnsieansUsenauLdetauseninaalaawaslalagud

winzaw dsnalbiilauilaiinanrosueaiuiusuazdangu

AN5199 4 WARIAIAINNAINITALUNITANULSIANYIALAZ NSEAF IV ITALALAL

3n51ELVRIlAlATIY AINISAULIIRUIN (NSUXWS)  ANSTEENIGlUNISALR (13.)

foLvalad
1:1 2,355.56 + 73.83" 13.60 + 0.53°
1:2 2,736.07 + 84.20 14.26 + 0.21%
1:3 3,103.68 + 25.13% 14.69 + 0.14°
1:4 3,485.59 + 32.08" 14.90 + 0.04°
wneig: *¢ fdnusiiinatulundiuasuueuisafuiiauuendisegnsideddamng

1Y

adnanIzAuAMUTEIY  Sasay 95 (p<0.05)

4

AMUAILNTOIUNITAIUIAUNS

q
v
N sadda o

N130329UUTRAUVRENTTIAN MR (Total viable count)

MNHAMINTIITeTEIMUTINUTeRAuYESTmua (1397 5) wududleiia
USinaaalagazdsmaliuiinuqdunisimuaduudedluiidufunuiiviinaanas G019
uldlFhdnmdmveslalamuseiaalaaiivnzanagiliiAnansussnoudsouszminas
Toauazlalasuiungan shlvfiduAunildsigrdlunisfuninatyeatogdunisia 4
A8AARBINUNIIBYDS Simi et al. (2009)

v
o

M19199 5 USunaugdunsdvianuaiivuleuluildufuny

onsdnvedlalagusolalaa NANI3M9IUU CFU/g (39 CFU/mU)
11 < 2.5x10"
1:2 < 2.5%x10%¢
1:3 < 25x10%°
1:4 < 2.5%x10"®

nungime: 7 frgnusisnsiulusuidiuaziuinsufedtuianuwansisedeiided1fgmig

@

aiaTsTAUAMUTEIU  Sopay 95 (p<0.05)
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AruFumumssyiulveadoqdunas (Clear zone)

MNHANIINTINTATIERALF NI U TSR TaTe L ToRAuN3s (Clear
zone) BaslduALANTSNIEIAeY Fuandlunmil 3 nuiAduAunLTSnsEIRN W 4
wiln ladnuusian Clear zone Uuo1915Ude Nutrient Agar (NA) finaude Escherichia coli
uay Staphylococcus aureus vdsonunlifigumgll 37 oo utu 24 Falus Jsuandlifiui
NeuAunui ¢ Gnumulmqwﬂumimuwa E. coli waz S. aureus muumnwumiﬂiuﬂauauq
wmqwﬂumia‘uwmsmmamaaaumaﬂmvmmam‘mlaummm \loLasunmanTRvosTldy
quqwﬁiumwmmummﬁymu‘[mLmaqaumswm o1y nslrunludiatuduuinadlon
84 Huanle et al. (2016) L& s@nsrgnilun1ssuanisialyvende Escherichia coli
Staphylococcus aureus Laxi¥as1 Candida Albicans HGO1 vasidulalngusaufunsldun
Tudsfaduduuunailes nuiunludiadudununailediinududu 1.5 waz 2.0 % dualy
nstfudls £ coli uay S. aureus wariinalumssudinisasyrendosnivuniuiiofua
Watureunludtatuiuuunanlon

AWl 3 HAN1MTI9TATIEI Clear zone Tigaumgdl 37 " w24 w3, vasiduAunL n. Wdw
Ausufisnsndinsinge  uue mswde Nutrient Agar (NA) finauide Escherichia
coli way v SuRuALTISRTIdILAeY Ues uwda Nutrient Agar (NA) firas
7o Staphylococcus aureus

dsuuazafueNansIvY

MnnsAnwUsinaealaaiuangauluniswiailauaue lngldlalagu 0.25
ASuABLIalad 0.25, 0.50, 0.75 wag 1.00 ASYU MIUSIAU INANANITIASITIRIELATD FTIR
wu31 NduAuaudfialugag Wavenumbers 163537 fis 1636.84 cm™' Usng) wansliiliudony

. . . = Qy‘/ Y @ U aa Ly aa

aliphatic secondary amides #s@liiiiiuin nsneszdin 4% fuselnaladfinvenaalaaazgn
lelnsladeaensa (Acid Hydrolysis) demalmsumiuvediaalaanaifveusiunysn 1 vewmyls
Asanda (-OH) Waoen uaziinnyueadilas (-CHO) Au NTUIAna1TUsENoUTdaUsENINg



o

70 | U9 14 atui 1 (UN51AL- LWIGY WA 2562) NING Sauouaz gy uiAshw

wijueadlanvesaalaauaznyeriluveslalayudmeiusslavaudiinluansuszneudiou
3N Auan (Chitam) Feaenadesiunuideves Simi et al (2009) waziiioriiduildun
pyaNTRUIUsESvesTlauALANTnan s wuln iWlegnimainndosansmiidnaseunuy
doansa (SEM) ﬁuﬁwaﬁ\léuﬁLmesﬁﬁﬂwmm?miz wAEWUNITNRANTUTENULT IR UTEIIN
walaadulalngu Tsaenndesiunanisiinsesisoinies FTIR lnsfiiduAumisndlale
susiolaalaa 1:4 fanuudeussuasdaneuiign uazidetflduAunuansatuuium
QAUNISAITAAamua wu iefiniinaaslastvdsmalfUsinagdunitmueiivuidou
TuiiduAunuiiusinmanas deaenndesivanidouss Simi et al. (2009) willethannsiaany
Furumayiivlaveatiogdunis (Clear zone) muiilduAunusis 4 via lufiqnilunis

PuLiie Escherichia coli wag Staphylococcus aureus

Jarauauuy

1. ersfnwauandiiduAumludugvslunsd e

2. msfinyansUsznavdu Algrlumssudinisaigueatogdunidiuiy
AduAuny Woladuamuautivesiidulidgnslunsiumunmsaigivlndeqauns

3. msAnwUinandweseaiivangaulunsudsidufun e lvliiduAun
fifluudsusuaziaveuannd iy

AnAnssuUsENA
YavaUNsTEAN USEN Tuimws 91ia Smiamesysel Mlvinsaduayuiaalaa
wioldlunisnaaes

LONEI581984

\naAu gionsdlnaa uazgUszdld auea. (2558). Bn3wavasasiadeuiildainvanay
szninslalagnunaziaalagnanisiiusneIndleieunas. Inenmans g,
antumaluladnszasuna A saiansyds.
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maUBguliisunsasusUanunila, weAnssunisina wazAuaNUANINIENINUIUTENTS
Yaautaudauzuaildanudsusviuvinunailseavasusandlne

(9 Q‘l* 3

WIIUIF aAnA’ AT wiashun'

unfnga

NI ETIngUIrasTas Ay tsuifisuniaBeuslasanunia, woinssunisiva
waganantAvnenmuIsUsznng vesudaudauzuuilianmdnuzviamiu (udaivug) was
winuzaUie) (ugnsean) lasainnsdnvnsdsuuanuminvesuduuiausruiin
Wty 3 % fseTesusiuwnesialasglulansm wuin udlasdauzvimmiud gumgiiviy
\Wasuwasauwde, AAUNingIEn LagA setback wansnsegafitfuddniadffiseiu p <
0.05 funtliudnuzannuien Wednvnginssunsinavesudasdauzuiiarundudu 3 % feuge
adialafiines fonmgil 25 + 1 °0 wuin uundauzruvuiimanuviinusngesniutuda
m‘umLﬂ“%lmasmﬁﬁaﬁwﬁzymmaa(p < 0.05) ImEJLLﬂQLuﬁmuzmwmﬂgﬂaaqawaﬁuﬁ: uansngAnsIunIsla
wWUU Non-newtonian ¥ia pseudoplastic TusuauautAn1si uddudu wuin A1 Emulsifying
activity (EA) ay Emulsion stability (ES) SUENLL‘ﬂnLmﬁmmmmﬁu’qammaﬁuﬁflﬂ,iﬁmmLLmﬂﬁhaﬁ’uasmﬁ
od1fmeadn (p > 0.05) uarludugaiantilunisgaduiuarguantilunisazats wudn ull
Lmﬁmmmummﬁﬂ'ﬁma@mﬁuﬁwﬁf%ﬂdwLLﬂﬁLuﬁmmwwLﬂgaaaﬂwnﬁﬁaﬁﬁwmaaﬁa (p < 0.05)
Tuvaugdifinnismsazanguinni

AdAy : wlandauzin nMsasusdamisinuaunie weRnssunislve uzvumniu uzew
Wsen

! pauzgnamnssuinyns anmvumeluladwszeemnaniinammainnsy Ui nFuNwEYIUAT
* gnusvanuags7auinus e-mail: woatthichai.na@kmitl.ac.th, 60608009@kmitl.ac.th
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COMPARISON OF PASTING CHARACTERISTICS, FLOW BEHAVIOR AND SOME PHYSICAL
PROPERTIES OF TAMARIND KERNEL POWDER FROM SWEET AND SOUR TAMARIND
VARIETIES OF THAILAND

Punwadee Julapukl* Woatthichai Narkrugsal*

Abstract

This research aims to comparison of pasting characteristics, flow behavior and
some physical properties of Tamarind kernel powder (TKP) from sweet (Sri Chom Phu veriety)
and sour (Gra Daan variety) Tamarind seed. From the study the pasting characteristics of TKP at
3 % concentration, the results showed that sweet TKP had the Pasting temperature, maximum
viscosity and setback were significantly different at p < 0.05 level with sour TKP. When study
the flow behavior of TKP at 3 % concentation by Brookfield viscometer at 25 + 1 ° C, it reviewed
that sweet TKP showed less apparent viscosity (2463.67+105.99 mPa.s) than sour TKP
(3297.00+172.50 mPa.s) statistically significant (p < 0.05). Both TKP showed non-newtonian flow
behavior and pseudoplastic fluid type. In terms of emulsifying properties, it showed that the
emulsifying activity (EA) and emulsion stability (ES) of both TKP showed no statistically significant
difference (p > 0.05). Water absorption index (WAI) and water solubility index (WSI) of sweet
TKP had significantly less WAI than sour TKP, while WSI greater statistically significant (p < 0.05).

Keywords : Tamarind kernel powder, Pasting characteristic, Flow behavior, Sweet tamarind,

Sour tamarind

! Faculty of Agro-Industry King Mongkut's Institute of Technology Ladkrabang Bangkok
* Corresponding author, e-mail: woatthichai.na@kmitl.com ias 60608029@kmitl.com
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ugay (Tamarind) S3evnsinenmaniin Tamarindus indica L. \Wulifustunszngd
fflnalng Jegduiivgnusnnlasianzlulelde 1wy suife Tinana rddsn ne uazdulaiide
(Kumar and Bhattacharya, 2008) Hnuzanaudunuunalieusivanswdn wanusaudiednudayid
ihmaudfuiuen Snvazsuihuuuiusudmdssdulivh endssan 1 wuiues Siuda 1-10
L:uﬁmiaﬂﬂﬁaaxﬁuagﬁ’w&n’mmmmﬂﬂLwiaxmaﬁ'uﬁ: (9#nf, 2550) iwdnuzandunanasyliain
qmmumwmmﬁmtﬁammu (Marathe et al., 2002)

wiienzvuUsznauieiden (seed coat) SeiAinniauns 20 - 30 % wawidleluimde
fifi#v19u1a 70 - 80 % (Kaur et al,, 2011) iiloluiudauzvugnldlunisudaudaudnugn
(Tamarind kernel polysaccharide : TKP, Tamarind seed polysaccharide : TSP, Tamarind kernel
flour : TKF, Tamarind kemel powder : TKP) uaztaalaa Uellose) 5o fuaniuanuza (Tamarind
seed gum : TSG, Tamarind seed xyloglucan : TSX) (Marathe et al., 2002)

wlaudauzuuiesdusenoumaeiiusenausis arslulewnsn 65.1-72.2 %, TUshu
17.1-20.1 %, lusfu 6.0-8.5 %, wduleFosag 0.7-4.3 % uaxiin 2.3-3.2 % lagUszanal (Kumar and
Bhattacharya, 2008) InssaiaUsznoudeinmanglaasetuduaendn B-1,4 \euiu D-glucan i
aronuduiinialelas Inefidiunis 0-6 veq glucopyranosyl residue Qmmuﬁﬁw o-D-
xylapyranose uariifwweuhmaniuanlnaduiuiweshmalelas (York et al., 1990 ; Nisbet et al.,
2006) Hagtugnamnssuesludiueunalildudundauzvmnaziaaloa dwmiulidu arsli
audunia (thickening), a15liaruAsd (stabilizing) wazansivinliiAniaa (gelling agents) e
USuupsnnaufnunsivatasauaiivemaninm (Marathe et al., 2002)

MnnsAvdulimunsAnsivisudisunisdsunasanuniiauasnginssunisiva
vosutandnuzruildanudaudauzaumunaziuien uinuin Chaisakdanugull uag Sriroth
(2005) lévimsfnwmavesnsidadendenmantidunsivavosuduudauzuniléannds 1.
wéauzvuiiunisasnidenlagliléannueu 2. asnudenmdeuzvslagliauieudigamyd
150 °% Uy 15 W1fi uae 3. aenideniwdauzvnlnonisiafigumgdl 200 *s w1y 2 unit thandnw
woAnssunsivawaznindsuutasanumianuin wlaudauzauiiaududu 3% veaudayis
wanangAnssun1sluawuy non-newtonian wfin pseudoplastic Insudandnuzviuainis 1. e
flow behavior index (n) #osnin wngddan k Aminnd1 wluudauguiuaindsa 2 way 3 ogredl
Toddamneadfiszdu p > 0.05 waz wluudauzuuiieududy 3% 90357 1. Tieaumilngsgn
wazanuvilagavnennnd1 357 2. uay 3. egreiidoddnmeaiaiszdu p > 0.05 nilegsie (2552)
yhnsAnwdvEnavesmaiuisselulaswdeauautivesudandausay Tnsfudauzvialuii
gaumadl 80 °¢ w1y 60 Wil thlvsuuwisnedeulslasinmemdalui 900 Jad w8 uit lewuden
Wusdnoon UaLazIeURNLATILNGS 80 lw ANMIANYINTUAsLLUaseaviavesutladesz i
Aty 6 9% wudn ulandeurvuioamgliBuasuntasnunini 30.6 v, Aenuvingeae
Winiu 2,272.3 + 232.4 BU, breakdown winfiu 404 + 77.6 BU Uag setback 1infiu 1,488.3 + 36.7
BU uazanmsdnwmginsausnunisivavesudausdaugyuiinnandudu 3 % wuiudaudausyd
A1 flow behavior index (n) 11U 0.88 FauanangAngsuni15luauuy non-newtonian ¥iin
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pseudoplastic Ing ArAunilanusing windu 2698.33 + 4.04 cps Eiamsaard Wag Narkrugsa (2012)
vnsfnwiauantAdunsivavesutasdaugnildanisnislianudeudidieiu Tngidiude
wrrirunstdaUden > 80 % wnduluindonidunan 45 it Miniuunuaziliuis Tnedsi 1.
Tinnusauluglusalulasiav (400 Tad WWunian 15 widl, TKFL) ez 357 2. Taufeulugouainy
Sounuuan (70 °a 1Uuan 1.30 %JQIJN, TKF2) Wu31 mMsidsunlaspnumilavesdaudnuzud
ATUTY 6 % 1A setback ¥a9 TKF1 191U 1481.50 + 9.19 BU way TKF2 winiu 1422.00 +
14.14 BU AnAuviiingsgn wag breakdown liflauunnensegaifodfyisedu p > 0.05 uaz
nnmsfnwngAnssunsivautiaudeuzaufinnandudu 3% wui f1 flow behavior index (n) ¥84
TKFL wihfu 0.95+ 0.01 waz TKF2 wiifu 0.93 = 0.01 uiluudeuenaiiaaedis uanIngAnIsUNITlIe
WUU non-newtonian %tn pseudoplastic lag TKF1 fA1A1uniinusing Wiy 2698.33 + 4.04 cps
wag TKF2 11y 2634.00 + 3.00 cps

o/

nnUszaAsAYaINIsIvY

1ifleAnwanatRivnanenimuisusenns msiasuuasenuniiauazngingsunis
navesutundnuswiildaniudanzammn fugaioug) uasidauzamiior (fugnszaw)
2. iiielfifudeyaiugulunisinwsely

antun153e
1. dmghiv
utaiudaugany nudauzeiumu (Fudeisag) wosudnuzeuiuie (Wug
ASEAL) lﬁi"ummaumwﬁmnu’%ﬁﬁjul,w‘uﬁﬁm Jarinmesysal, Usswalne
2. Fnwinmswasuuasmnamiinvesaudnugany (Pasting characteristic)
Yiegafifiarnududuvaaunts 3 % (dry basis) 113AT12%N5UABULYAS
wqaﬂiimwmé’mm’]wﬁmaﬂfwLL‘ﬁa freaiesusuumesdalaezlulans il (Brabender viscograph
E, Useineeastiu) a1u3Sn15ves Chaisakdanukull and Sriroth, (2005) Tagindiagawdaudnusiy
waganelutindulilduTinns 500 faddns tulasgnlierudoud 25 oo Tngldsnsngs 1.5
it quls 95 8 waradliigamgitidunan 30 wifl nduliduasiigamai 50 ¢ Tnelésnans
1.5 *ai/undl Inedlnnaidaseuvesnisuyu paddle winiu 160 seu/uit Judindn Pasting temperature,
Peak viscosity, Breakdown WLag Setback
3. Anwmginssunislnaveswtiamdauz v (Flow Behavior) daudadninisnisves
Chaisakdanukull and Sriroth, (2005)
w3sniiogeafifianaduduresudls 3 % (dry basis) Inetutadaugvruan

&

avaeluthndu 100 faddns Tﬁ’mm%muﬂszﬁ%qmmﬁmﬂm"] 85 ° adliftgamglitaaidunan 1
Flus(aushegnaFen qfeuiaud) mniwihliduiionmnives fosaasgninfigungll 25+1 o
é’aam%awgﬂﬂaé Falaliwas (Brookfield viscometer DV — I, Ussimaansgowsni) lneldirinues
34 Wiegnsldadlu sample cup wazselisagausvauna 20 ui Mnthdisnsideu (shear rate)

Aald 0.5 - 8.0 rpm Melunian 3 uif wavaslindnsudouilidunan 5 uiil udrandnsudeuasan
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8.0 - 0.5 rpm nelwaan 3 wrd Yudinan Auniinlsing (Aparent viscosity) m13LAULEDY (Shear
stress, N/m2) wazonsnaouy (Shear rate, 1/sec)

910 power law model AUENNIT N = ky"" AuauIAn n = flow behavior index
uay k = consistency index lngAATzidun1T0nn0EITEUIN log N = log k + (n-1) log y Taer N =

aparent viscosity Wag y = shear stress

4. AnwinnantAn1anudiudu (Emulsifying properties) (AnkUadain Yasumatsu
etal., 1972)

Emulsifying activity w3eusiag1afidannududuvesuntaudauzany 3 % (dry
basis) nsthudlaudeuzrumnazansluiindy 100 faddns Yidoganliaruseurunseioumni
wnnd1 85 g adlignmgiiasiiunan 1 $alus (AuiegnaFesfouiauda) vlfifuads
gaungivies ifsudundes 100 fadansadluusiaziedns udwilidudedeatu tagldiadodsly
3ludiwes (Homogenizer, Usyinaieassiu) finuisaseu 10,000 rpm Wunan 1 wift wuwewald
Ty centrifugal tubes ﬂﬂiﬂﬂum%nﬁwLﬂ%wgum%q (Centrifuge Thermo Legend mach 1.6R,
Uszineiwasiiu) 7 1300 ¢ Wunan 5 undl

A Emulsifying activity a@1u1safuaulaain
EA = (A111g9vas emulsified layer)/(A114g9v03 whole layer) = 100%
Emulsion stability wisudegafifianududuvewdandanzy 3 % (dry basis)
Tnethutaudauseumiazarslutiingu 100 fadans mmamam’twmmsauwﬂi mammu
11ANIT 85 % mhwqmmmmmﬂunm 1 Frlusrushegnadesgfuviends) andudniituia
wides 100 fiaddns lirnufeuiigumnd 80 o i 30 unit vl Buasisgamgiviostsvemnas
&l centrifugal tubes ﬁﬁlﬂ‘f‘jum%mﬁ’]ULW%GQ%QULM%UG (Centrifuge Thermo Legend mach 1.6R,
Usewaasi) 7 1300 g 1unan 5 unil
A1 Emulsion stability @nsnsad1uaulaain
ES = (A113g9¥89 remaining emulsified layer)/(A113g9¥839 whole layer) =
100%
5. Anwnaantilunsgaduiuarauautilunsazats (Water absorption index
WAI and Water solubility index; WSI) (AatUasain Narkrugsa, 1996)
wIsusneganduudauzvin Tnstusasiaegiaudelssuna 2.5 nfuldry
basis\Wo) naufutingu 30 fiaddns luvaeavsuisuasdarilfain kiluiwglu water bath i
gl 30 °¥ 1ulaan 30 Wil niuhvesauandamn (W) udlUvsuis oS osm
LM%EN(Centrifuge Hettich Universal 320, Useinelgasiiu) fianuigaseu 8000 rom tHuian 10 undl
%"mfmﬁfﬂzhuﬁﬂumawﬁaﬁmﬁaagﬂ.uwaammumﬁm (W) ndnanuenauiiiuvesvianeen theni
g mamanumsalumgaduin mnduihduidureana 10 fedans ldannisuenlu
vaeanyuIssldasiy aluminum can finsruimdnuduey ihlueuiigamgil 130 o 1Juan 2
lug LLé’aﬁﬂﬁLﬁﬂ,uh@ﬂmmsﬁu %ﬂﬂf’]%ﬁﬂﬁuaﬂLL%ﬂﬁLmﬁaagiu aluminum can (Ws) taniilaly
funairmnLansalunsazateth
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gnsldlumsduin
(W1-W2)/W0
(W3 = W0)x100

Water absorption index

Water solubility index (%)

e Wo = twiinveuiladusiy
W, = dhoinveswenay
W, = “ngmﬁ'ﬂmadﬁumLL%\iﬁmﬁaag'ﬁluﬂaamwgum%EN

W = ﬁ’mﬁﬂmadl.lfﬁdﬁmé‘aaeﬂu aluminum can
6. IATARANEDRA
¥nsvnass 3 81 uagldnsneaeuit (T-test) WisuiieuauLAnNA9sEWINg
Aade 2 ngu Mdudaszanniu shelusunsu SPSS

NAN1939Y
1. Anwmslfsuulasanuniinvedasuaugany (Pasting characteristic)

MEASURING RANGE : 700 [cmg]

1000 : : . 100
900 %
800 80
700 L
= =
3 600 60 3
L s00 b 50 g
S 400 40 @
300 0 &
200 20
100 P ——— / 10

0 : 0
0. 120 240 360 480 600 720 840 96.0 1086 o.o
TIME [min]

= A = < = Y v A 9 v 1%
ami 1 eghilaunsuuansmsivdsuudasmrimiliaveadasdaurnunanududu 3 % Weldnnuiou
n : wlawdauzmmnu (ugesvug) wae @ : wlandauzemdies (Tugnseaiu)

Pinawerlulaunsuuaransed 1 wansnsidsuutasanmiavesutuudauzan
wusavsefinududy 3 % wugamaiiGuasuulasmnunile, Aaumingian wagen
setback vasutiadaugruvnuiiriade 60.03 « 0.31 esruwailed, 104.67 + 1.53 BU way 239.00
+ 2.00 BU puddiu dsunnsinsegnaiideddymeadiiisziu p < 0.05 fundaudauzanuilioaiid
oumgiinisuasuuUasnnamile, Amnamilagsga uazen setback 1oAY 66.96 + 0.64 pernivalTya
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,88.00 + 1.73 BU Wag 218.00 + 4.58 BU m1ua1su lawua break down ¥8auwddudnusu1uiisans
AN8UG

A151991 1 madsunlasaumilavesidasdaugviufinnududy 3 % (dry basis)

wtandnugana Pasting ANumila (BU)
Temperature (C°)  Peak viscosity Break down Setback
MU (WugaIvag) 60.03+0.31° 104.67+1.53" - 239.00+2.00"
Wik (Rugnsvann) 66.96+0.64° 88.00+1.73° - 218.00+4.58"

e 1. mnefia Mdnwsidduluwnsaieniu delifdnysimiioutuuansilifinnuwaneisiueged
HadAgneada (p>0.05)
2. AlupTUEAAREEINNTIA 3 91 + ALdeLuuIATEIY

2. ﬁﬂquaﬂssmmﬂua%aLLﬂaLmﬁmumm (Flow Behavior)

[ERN
N
o

[
o
o

%

[e]
o

° ¢ TKP wanu

N
o

TKP ufen

N
o

Shear Stress(Dicm?)
[e))]
o

o

0 2 4 6
Shear Rate (1/s)

AT 2 NFINLEAIANNAUNUSTENINOATUROU (shear rate) LagANULAWADU (shear stress) VB4
wlawdauzymmnu (Wugesoug) wazwlundausaunien (ugnseaw)

NINLARIANNFNTUTTENINERIURRU (shear rate) WazauLAULEDY (shear stress)
vosuthudnurrvmiuuaziUssmandlunmi 2 nsmidanudunnuandiidiuiasasansian
wilags Mnnmanduiududauzeuisdenusurensvinnniuansihdaumiamnn il
wauzrnmmu Ssdasdauzvamnudidianuviiausing (Apparent viscosity) 2463.67 + 105.99
mPa.s uazutidnuzanndisadidanumiinang 3297.00 + 172.50 mPa.s Geenfiléfalndidns
funuideves wilagite (2552) FalaauvilaUsing Wity 2698.33 + 4.04 cps LazuITeves
Eiamsaard wag Narkrugsa (2012)
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A1519% 2 wgPnssunisiravesdundauzynfiaududu 3 % (dry basis) InefdnwAl % Torque >

90%
wtlandnugany Apparent viscosity (mPa.s) A1 k A1 n
MU (RUSASYILY) 2463.67+105.99° 3.43+0.02° 0.92:£0.00"
W37 (Wugnszanu) 3297.00+172.50° 3.54+0.02" 0.94+0.01°

mnewme 1. e ddhvsimiululunadeniu Weldsnysimiloutuuansitliianuuandisiuegied
HdadAgn19ada (p>0.05)
2. alupsuanIreaeInNN1sin 3 91 + Andesuuiasgu

aun3 power law I#a3u18n n uag A1 k veswesmadliin d1 n Tuogiudnunsres
YOINAT AN N=1 UAATIIVBANA M NGANTINNITIMALUY Newtonian WA n#1 LaAIINv0La7sl
NgRAnTIuNI3kMaLuU Non-newtonian Fawn n<1 axfuila pseudoplastic wazmin n>1 axduwiln
dilatant

211A15197 2 WUd1AIRILUTIINENNT power law LFUA Arauninusing
(apparent V|sc05|ty) consistency coeffeient (k) way flow behavior index (n) ¥asudaudnuganu
MINULAY Lﬂi‘c’J’JLL(ﬂﬂ(ﬂNﬂuEJEJNiJu‘&Jﬁ’]ﬂZUV]’Nﬁﬂ@VI'ﬁ AU p<0.05 wazaztiulaana n vesLdauudna
LEAULAZIUIEIA 0.92£0.00 way 0.94+0.01 ALY “INLL’ﬁfﬂﬂMmu‘Wﬁ]ﬁlﬂ‘i‘ﬁm’l'ﬂ%aLLU‘U
Non-newtonian %iia pseudoplastic #0AAA8ITUINUITEVOS Chaisakdanugull ay Sriroth (2005),
wilgiiy (2552) wag Eiamsaard uag Narkrugsa (2012)

3. Anweuaudainiwuddutu (Emulsifying properties)

A5197 3 auauURvsudiuduvesuiaudauzuny

utlaudnsgana Emulsifying activity Emulsion stability
Y (RUGATYL) 85.06+0.76° 88.44+0.82°
W3en (Wugnszau) 84.50+0.80 87.41+0.74°

Meme 1. *uuneis A8nysin firdulumnsaionsy welldsnusiimioutuwanyildfirnuuanseduogned
dedAgyn9adia (p>0.05)
2. AlumsuanAadsnn1sdin 3 91 + Andeauuunsgu

NANT9T 3 waneA Emulsifying activity (EA) wag Emulsion stability (ES) v0auis
WARNEVIUMINUBAZLIUTE? WU A1 FA wag ES vasktludausuiumnuilaningu 85.06+0.76 way
88.44+0.82 ANUA1AU druntudnusuaiUSeiainiu 84.50+0.80 wa 87.41+0.74 AIUdIAU B4

°

< g o \a W | A o aad o
LlﬂjﬂLlla@lllgsuﬁllmQﬁﬁ]ﬂaqﬂwuamuﬂquLLC‘]ﬂ(ﬂ'Nﬂuaﬂqﬂﬂuﬂaqﬂ@,mqﬂaam%igﬂU p<005
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4. AnwnuandilunisgaduinuazauaudAlunisazale (Water absorption index;
WAI and Water solubility index; WSI)

A131971 4 AauanURluNsgadull (WA) wasaaaudRlunsazaneveuduudnugyiy (WS)

uwtladnuzym WA WSl
WU (RUSATYL) 8.54+0.08 6.55+0.05°
W37 (ugnszanu) 8.91+0.03" 5.60+0.22

mnewme 1. e ddhvsimiululunadeiu deddsnysimiloutuuansithilanuunnsisiuegiell
YodrAgneaia (p>0.05)
2. @lupIIUENIALRAEINNITIA 3 91 + AnTeuuunnsgIu

NAN57971 4 meﬂ'wmﬁ@meﬁuﬁw (WAD uagnsazansih (WS) veautiiudauzen
wrukazIes wuh LLi’]amé‘muwmmmﬁmmi@m%’uﬁwLLazmiazmmfw 8.54 + 0.08 uay 6.55 +
0.05 Aaddiu Fedimuunnansegraiiteddyneaindiseiu p<0.05 fuudluudaurarasendiien
ms@m%’uﬁmasmiazmaﬁ’] 8.91+0.03 Waz 5.60+0.22 MUEIAU

Aiilddeuaenndesiuanuidovemilinde (2552) wardianAsddndiAesiunuide
199 251AMaTALY (2559) FaldinsAnuanigiivaneailunisadafusdauzndelalasin
Tngldmawmuniinsou 2 s2AU Ap 480 waz 640 Tn wazldszesiiailunisain 2 seau Ao 4 wag 6
uil wuiAudildandrdsunninseu 640 Fod Aldszezinan 4 unil Wuanngivmzaniigalunis

A eN Imaﬁmmi@m%’uﬁ’] (WA winAu 8.89 + 0.45 kagnisazaisun (WSI w1y 9.35 + 0.10

diUuazafiuenanisIvY

nsAsuuUaswnsuauviavesudusdausrufinududu 3 % wui uluude
uzvuvuilgumgifiFuudsuutasanunile, Arnumingsan wazan setback uAnAsegIed
Todfaynaadffisesu p < 0.05 fuudlaadnuzanuuie 21INNSANYINGANTIUAIUNIT A WU
waudauzaamuiidmnmindes niudaudausnuiieregrditodfym w@dn Tnoudauda
mmmﬁmaamaﬂ’uﬁ:ﬁmmwﬁwﬁu 3% LAAINOANTIUNITIMALUY Non-newtonian ¥in
pseudoplastic fuanantinisiudiuiu nuth uliudauzuiaesaeiuglifauuandiaiu
pg1afifudAgneadia uay é’m@mauﬁmumiaw%’uﬁmazﬂmauﬂ’alumsaxma nud uilaudn
mmmmwuﬁmmi@ﬂﬁuﬁﬂﬁaaﬂdﬂLLi’]ﬂLuﬁmm‘umLugaaasiﬂqﬁﬂaﬁwﬁcymﬂaﬁa yourinaudauzau
WNULAINITNITAZAIBUINATT

AnAnssuUsENA
YavaunnUIIluwssiadilalinisatvayundaudauzvalunisviiidensad
v a
LaNE591984
NG Fansd. (2550). Nz 1y Hvas1eewan. RUNATIAL. nFunnuviuas: dinfiuiufvu.
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1519AW @UNeY, n1ans SsvAadiana wazadu asadnaseil. (2559). n1sadniuLAauz Y
(Tamarindus indica L.) seglulasiavuaznislalundn dasilevansediuess. 15813
Anegnenanfuazmalulad. Ui 24 atufl 2 wwneu - Squneu 2559, nih 288-298

il s9Aves. (2552). Bnswavasnisiudaglulasiavsenmnmvesudaudnuzviunale
Tanguau. Ineriinus Usygin. aordumalulagnszasundidinummsaianszds,
NIANNUNIUAT.
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wadugusnsufiRnuaviadnuvasindnumdngasasnsuguaans
wInerdevigalageansal Tuwseususiyudud
aidy aaiwed' ARSS AuAanImd’

unAnga

n93duadsiliiunmsidoidedine finqussasdiiioAnwideyadiuynna nadunns
nsuiRnuaniafiny wazauiisnelavesdnfnwivangnsansisuaueans unIng18es1u6y)
Jlavoasnsal lunszususgudus Sul 4 $1uau 67 au futeyalaslfiedesiiede wuvasuniy
fifAteasntunariunmInaaougunnLd? adnfldlunisinsie el avnd Sosay Anade
wardudenuunnigiu wansinw wui nguiegdnlngidumands Yovaz 92.5 oy
otjsening 21-23 U ovaz 69.1 flengidewintu 22.7 U fnadugvsnsufiRnuaviafnuluame
otflusziugs (Mean=3.87, 5.0.=0.55) Wlasuunifusiesnu wud fufiiiedesnniiano dnuas
duyAna (Mean=4.22, S.0.=0.68) 58%a31A8 N133IAVNTIBUaNTAANYY (Mean=4.06, S.D.=0.55)
wazAuSURnTaURentng (Mean=4.01, 5.D.=0.65) wazilaufisnelasonissiuauaniafne
Tunnsineglusziugs (Mean=4.06, 5.0.=0.48) Wleduunifusesu wuin sudidianadesnniian
Ao FuanuUsznounTs (Mean=4.23, S.0.=0.59) 589831170 19158713011 (Mean=4.03,
5.0.0.48) uarsuiiiidiadsiiiiande dsaviafinu (Mean=3.79, 5.0.20.66) nan1sdnuadeil
anmnsoiluldlunstaunmsdaniadounsaeuneinaniafnulidlssavinmgsdusieold

AdAeY : Kadugns nsUfURnuaniafne dnfnvindnansansisauaumans

L ainaIsIsalgumans pazasIsguaIans unaetaesviglageainsal luwssususiyudusd
daninuyusii
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LEARNING OUTCOMES ACHIEVEMENT IN COOPERATIVE EDUCATION OF PUBLIC HEALTH
COURSE IN VALAYA ALONGKORN RAJABHAT UNIVERSITY UNDER THE ROYAL PATRONAGE,
PATHUM THANI PROVINCE

Apichai Khuneepong ** Sasitorn Tantiekkarat

Abstract

The purposes of this descriptive research were to study personal data, learning
outcomes achievement and satisfactory level in cooperative education of public health course
in Valaya Alongkorn Rajabhat University under the royal patronage, Pathum Thani Province.
The samples of this study composed of sixty seven undergrad students. Data were collected by
interview and analyzed by using frequency, percentage, mean, standard deviation. The results
showed that the majority of samples were female (92.5%), were 21-23 years old (69.1%), average
age 22.7 years. All components of learning outcomes achievement were also at a high level.
The mean score for the personal characteristic component was the highest (Mean = 4.22,
SD = 0.68), followed by those for reporting (Mean=4.06, S.D.=0.55) and Responsibility for duty
(Mean=4.01, S.D.=0.65). The overall score of satisfactory was at a high level (Mean=4.06,
S.D.=0.48). All components of the scale were also at a high level. The highest mean score was
that for organization (Mean=4.23, S.0.=0.59), followed by those for advisors (Mean=4.03,
S.D.=0.48) and cooperative education officer (Mean=3.79, S.D.=0.66). Recommends from this
research, administrators can be used as a guide for improve cooperative education of public
health course in the future.
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PEOPLE’S OPINIONS ABOUT THE ENVIRONMENTAL MANAGEMENT IN BANGKOK’S
CULTURAL CONSERVATION AND TOURISM PROMOTION AREA BY BANGKOK
COMPREHENSIVE PLAN 2013

Waralak Khongouan

Abstract

The central part of Bangkok is experiencing environmental problems. The
improvement and recovery of the environment by the urban planning measures is no indication
of the satisfaction and public demand for urban planning measures with respect to
environmental management. So, the objectives of this research article are as follows: 1) to study
urban planning measures with respect to environmental management in Bangkok’s Cultural
Conservation and Tourism Promotion Area, 2) to analyze people’s opinions about urban
planning measures with respect to environmental management, and 3) to suggest developing
method for urban planning measures with respect to environmental management in Bangkok’s
Cultural Conservation and Tourism Promotion Area. Questionnaire was used as research tools.
The result of the research article shows that Bangkok Comprehensive Plan 2013 has qualify of
negative (such as the ministerial regulations), positive (such as the transportation and public
utilities diagrams), and incentive measures (such as FAR bonus). Moreover, it is highly concerned
about the environmental management. However, the sample groups who took questionnaires
more than 50 percent do not know in the implementation details of urban planning.
Furthermore, people are moderately satisfied about the environmental management by
Bangkok Comprehensive Plan 2013 and they have a high level of needs about environmental
management in the future by land use regulations. So that, guidelines for preparations for the
Bangkok Comprehensive Plan should be inform about urban planning measures in an extensive
and simple way to people, increase public participation in urban planning processes, set strict

penalty in violation of regulations, and have more incentive urban planning measures.

Keywords : Bangkok Comprehensive Plan, Urban Planning Measures, Environmental

Management, Conservation Area
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M. G., 2002) ludhuveannsmsssadinsunisiidiusinveswszmau annsofilddausdunaunis
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WATER FOOTPRINT ANALYSIS USING BY CROPWAT 8.0 OF MARIAN PLUM
: CASE STUDY IN PAKA SUBDISTRICT, BANNA DISTRICT, NAKORNNAYOK PROVINCE

Nisa Pakvilai'~ Samart Porncharoen® Warin Weingrat®

Abstract

The purpose of this research was to analyze the water footprint using the
CROPWAT 8.0 program of Marian Plum in Paka Subdistrict, Banna District, Nakornnayok Province.
The data collected from the questionnaire were collected from 57 farmers. Secondary data
includes climate data, water use of plants, soil series data. The result of this study showed all
of farmers will grow Marian Plum (Bouea macrophylla) cv. Toon Klaow. The water used for
cultivation comes from rain water, natural canal and pond. Duration of irrigation 3 days / time.
Fertilizer and pesticide use in the maintenance phase. The water footprint analysis of Marian
Plum plantation showed that the WF total was 627.5 m>/tonne, consisting of 590.5 m’/tonne
of green water footprint (WF green) and gray water footprint (WF gray) 37.0 m’/tonne. Ratio of
water footprint of WFgreen: WFblue: WFgray rating is 94.1: 0: 5.9. Water Scarcity Footprint of
Marian Plum in Nakornnayok Province at 1.13 m’. The study found that water shortage was not
suitable for growing in the area. The use of less chemicals, which is consistent with sustainable

production and consumption practices.

Keywords : Water Footprint, CROPWAT 8.0, Marian Plum,
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COLOR VALUE OF DENDROBIUM ‘KHAO SANAN’ ORCHID DYED WITH FOOD COLORING
FOR THAI TRADITIONAL FLOWER ARRENGEMENT

Thanet Ruangdech“* Sarunya Kunadiloke” Sudawadee Hemtanont®

Abstract

The objective of this research were to study factors the affecting color value of
Khao Sanan Dendrobium which dyed with red color. The design of experiment were CRD. There
were 4 factors such as time duration (2, 3and 4 hours), cutting method (straight, askew and
through), temperature of solution (10°c, 30°c and 50°c) and the color : water ratio (25:1, 1:1 and
1:25) were studied the experimcntal were conducted by using each factor and the best result
from each factor were selected. The results showed that time duration and color : water ratio
affecting the L* ,a* , b*c*and h*value of Khao Sanan Dendrobium dyed with food color with
statistical significantly different (p<0.05). It was observed that L*and h* value was decrease when
time duration was increase, but a* b*and c* value were in creases. In this way, Dendrobium
were more color’s intensity when see by naked eye. The effect of color : water ratio on color
value was found that L*value was decrease but a* b*,c*, and h*value were increcses when color
: water ratio was increcses. In this way, Dendrobium were more color’s intensity when see by
naked eye. The temperature of solution and cutting method affecting L*, a*,b*,c*and h*value

no statistical significanty different(p>0.05)

Keyword : Orchid dyed, color value, food coloring
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WID99INNNSHNTNTLNEVRE LANSAFDUNIINUSIAL NTANUTNVDIENN LUFIUSINATANITY
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Table 1. Result of color value of ‘Khao Sanan’ Dendrobium which put together with coloring

at different duration.

Color value Time

2hour 3hour dhour
Lightness (L*) 83.95+0.99" 79.44+1.13° 78.77+0.85°
Redness (a*) 7.39+0.39° 16.66+0.74° 17.34+3.60"
Yellowness (b*) 6.68+0.33" 8.46+0.65° 9.12+0.58"
Chroma (c¥) 9.99+0.52° 18.72+0.49" 19.47+0.96"
Hue angle (h*) 42.14+0.35" 27.58+1.20° 27.31+0.86°

* Means with the same row are significant difference (p<0.05)

'2hour 3 hour

Figure 1 Dendrobium ‘Khao Sanan’ Orchid dyed with Food coloring at different duration
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wANAUN9ERR (0>0.05) fauandly Table 3 Wonewhenuaanifiudvasmenndeliinnedoud
farmndulsisaty fuandy Figure 3 1losan aruduvesdiutuegiuuimanifitinisdndoni
Yugoonvesity foserfoussianinnisniei lWusasmagmimuanmevesnsviatmeluiusen
(D581uaraify, 2556) faruminnaaelivineiianinznisuiatinlufunendlaiiefu vuinves

v '
P
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Table 2. Result of color value of ‘Khao Sanan’ Dendrobium which put together with coloring

at different cutting method.

Color value cutting method
straight askew through
Lightness (L*)™ 80.84+1.13 81.90+0.45 81.20+0.35
Redness (a*)™ 12.01+0.38 11.40+0.51 11.98+0.41
Yellowness (b*)™ 7.72+0.80 7.45+0.47 7.28+0.68
Chroma (c¥)™ 14.16+1.08 13.11+0.70 14.06+0.84
Hue angle (h*)™ 32.98+1.36 34.07+0.99 32.80+1.32

"Means with the same row are not significant difference (p>0.05)

i (8 tgo

ANNT ARG 1IN

Figure 2 Dendrobium ‘Khao Sanan’ Orchid dyed with Food coloring at different cutting
method.

warnvead eandaelsineiugunnauni (Dendrobium ‘khao Sanan’) frinuniséiex
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wnedoudiauiduvesd lseiu fwandly Fieure 2 1iosen m’mLsﬁ'mmﬁﬂ?u%uaeﬁumiéuﬁm
ihiuguanuasity Fosordoussieanmanei Wudnsnsgathmuanmevosmsnminigludiu
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Table 3. Result of color value of ‘Khao Sanan’ Dendrobium which put together with coloring

at different temperature.

Color value temperature
10 +2 °c 30 +2 °c 50 +2 °c
Lightness (L*)™ 77.85+0.75 77.43+0.50 78.10+0.50
Redness (a*)™ 18.66+0.52 18.66+1.11 18.28+1.12
Yellowness (b*)™ 7.99+0.51 8.04+0.55 8.27+0.37
Chroma (c*)™ 18.23+1.09 19.33+0.52 18.57+0.87
Hue angle (h*)™ 24.57+0.70 24.14+0.68 24.31+0.57

"Means with the same row are not significant difference (p>0.05)

sk 43 &3 ‘
10 £2 °c 30 +2 °

Figure 3 Dendrobium ‘Khao Sanan’ Orchid dyed with Food coloring at different temperature.

wavesrLITvesd veandielsivnnetusunnauuDendrobium ‘Khao Sanan’)iHu
Msfeudnaneng isnsddnetaniu
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Table 4. Result of color value of ‘Khao Sanan’ Dendrobium which put together with coloring

at different color : water ratio.

Color value Color:water
1:25 1:1 25:1
Lightness (L*) 73.77+0.39° 64.28+0.49° 56.20+0.60°
Redness (a*) 23.58+1.07° 42.32+0.87" 50.79+0.78°
Yellowness (b*) 10.17+0.47° 16.22+0.51° 27.03+0.75°
Chroma (c*) 26.78+0.70° 44.92+0.62° 58.08+0.41°
Hue angle (h¥) 19.41+0.68° 20.9620.23° 27.55+0.94°

““Means with the same row are significant difference (p<0.05)

8
1:25 25:1
Figure 4 Dendrobium ‘Khao Sanan’ Orchid dyed with Food coloring at different solution’s
intensity.
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TOTAL PHENOLIC AND ANTIOXIDANT ACTIVITY OF MANGO CV. NAM DOK MAI
IN SA KAEO PROVINCE

Napattaorn Buachoon®” Sureepron Kookid?

Abstract

The present study was performed to evaluate the total flavonoids, total
Phenolic, total tannin and Antioxidant Activity of Mango cv. Nam Dok Mai in Sa Kaeo Province
include of golden brown and number 4. The result of total flavonoids in Mango cv. Nam Dok
Mai, number 4 in garden 1 had the highest total flavonoids of 0.15 mg/mL and garden 6 was
0.15 mg/mL. The total Phenolic in Mango cv. Nam Dok Mai was found to be the most abundant
phenolic compound in number 4 of garden 3 was 68.74 mg Gallic /weight of extract and golden
brown in garden 10 had the highest of 76.36 mg Gallic /weight of extract. Total tannin in number
4 of garden 3 was 65.74 mg Tannic /weight of extract and garden 10 was 73.25 mg Tannic /weight
of extract and number 4 the highest antioxidant activity using DPPH free radical scavenging
method at ECsp 0.90 mg/mL

Keywords : Mang o cv. Nam Dok Mai, flavonoids, Phenolic, tannin, Antioxidant Activity
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unmin

oysadasy (Free Radical) Ao lutana vi3eleseuiifBidnmseulanifietegsouuen 1y
Tuanailiadesuazdanuiedhiensiiaufisonailudnvasiiiuufitengnly wazausadh
UfAsertvanstaluanasing degseudndldluiiuiiignadnady vilianenudemefumadingg
melusrsme 1wy mavhanelassaieiidue (DNA) msdsuanmlusiunaglviuveadeviuad au
wldnnsyiaueesiusiuvie wuleivafuinanuiaunild Wuanmgdrdgynisiialsale
(Nakabeppu et al., 2006;) a%aaai:ﬁLuﬁﬂﬁmmmgﬂﬁ’ﬁw%ammmwtméhamiﬁ’ma%aﬁaix
(Antioxidants) iasnsadnduiveyyadasy udninlueyyadaszdlmiffinnuaiiosnitaisdu
oyyadasy (Antioxidant) e ansUTunatiesfianusatesiuvietisvzaonaiinuiiieeendiatu
vasayyadasylalaeiinalnlunisiusyyadasylivateuuy 1wy n13dndu (Scavenge) auyadase
Tnemss dudansadrseyyadassuiertrdu (chelate) fulavy tiotlostunisasrsoyuadasy ansfu
auyadaszausanuls lusssuwd wu a15useneuiiueadn (Phenolic Compounds) a1suszneu
lulnsiau (Nitrogen Compounds) WazkAlsiiuagd (Carotenoid) a13dueuyadassinudAyhe
Pretlosfunisiinufasereendintulusisnie (uges Taqu, 2560, 2561) 9rnAudIdy
vosasinueyyadasziniliesdnsiiiniteslugnamnssuenms uazen liwenmdnwduaiiide
fmutansfiueyyadasefiniainsssueid 1wy amdteneia wuailide 1Wesn wariivdugs
(Chattopadhyay et al., 2010)

ugshadunalsfelanisiifiqriduoyyedassannsifasiueyyadaszlulungs
WU 3eniud Jeansmananafunnnitugunatie 3 i lunesiediansddaydnnaneviin Wy anlsi
uaen (Carotenoids) woulslweiu (Anthocyanins) kazasusenauluedn (Phenolic Compounds)
dmfvansUsvnevfiuedniddadouluudon e uavudauzahe Idud wusivlody (Mangiferin)
nsnunadn (Gallic Acid) nsnAwde (Caffeic Acid) wazuwnuiiu (Tannin) iusu venanildslgdnsld
dausing q veszahanlilunsinulse Wy naaaudlduussnundaduldondew Juisuwasnseme
i sy Fedunisfnuideluededdl fideifnguazasdifiolnsgiviinafiuednianun U3uw
uwnufiustonun Usinawailauessanue LazgVsMIIUBYyad AT YR saRAvetLzag 2 aneus
#un uzsihstheenlifdnes wosuzihaieenliives 4 iedudeyaidestudmiumsidedszyndly
shuduq WiAnUssloviigegn

nnUszaIRvaIN1sITY

1. AnwUSunailuednitmus Ysunaunuduius Yunamlalusesianun uas
qw'éﬂ'1Wﬁuawaéaimmdauaﬁ’wmumﬂmmﬂﬁmaﬂl‘ﬁ

2. WasuifsudSunaitueaniavus Usinauvuduioms Usinamlanliusedvanun
LLazqm'éﬂ1ié’ﬂuaq;ﬂaﬁaiwmdauaﬁmmUmﬂmmaﬁmaﬂlﬂﬁwm wazzshhnenldiues 4
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/AnduNITIVY

mswienasafaveunuzaianinenis

ihihethwzihaninenldines waruzshahnenliives 4 whilidududng andu
FailUeuiigungd 45°C auwiuazthludniminfuueu udninatadedvinasasionuea 95
Wosidudt feFimsutndn (Maceration) flgamnivioadunan 7 Ju udmniwhnansesansazans
Tngldnseui thansazaneiinseslalszmeseiniosssmomsuuumyunieldagyania (Rotary
Evaporator) 9l fudnuatametudiueniuea (Ethanol Extract) udadsiminvesansndameuiils

msmUSnamanluesdimun

NsiAsENENTATANENINTFIUTIY

1. wisuansazanegiiu Inedegiiu 20 fladn3u azanesnuleviuea 80 wWesidud U5y
USu1as 10 Hadans

2. wisuledoululasd 5 wWeosidud lnedansazarsladonlulasd 5004 nfu ay
angammIua USulinims 100 ladans

3. mawn3ouezgiidenaaslesd 10 Wosldud lasdearsazary exgiiounaolsd
10.087 N3y azaresmuunIuea USuUTung 100 Jadans

4. nswdenansazanelaiioulensenled avududu 1 luans Tnedearsavans
Twienlansenles 10.002 n$u azanedethndu 250 fadans

N3aNIMANTFIUGHU

Ywaaisfegnv/asaganennsgiu ag1as 1 1addns ldviniausunsauin 10
fladans Wanhndu 4 faddns (9 3 91) faan 0 wift i 0.3 edans vedededlulase 5 Wesidusd

'
a

a1 5 uidl Wi 0.3 §addns veteralillounaslsd 10 Wasidud e 6 urft Wiu 2 Haddns
Todoslonsenloddt anududu 1 Tuand Usudsunsarethnduauasy 10 fadans wenlddaiy
ﬁﬂﬂi’ﬂﬂ"]miamﬂﬁuLLmﬁmmm’mSu 510 W lulums

mennziviinamalusesnmualuasatanetuazainainnents

1. thansafanevazsirsinenlfundedas 20 fadndy wazarede wuea
U3uns 20 addns

2. arsaaimsoulaainds 1 11 Usuins 1 Sadans ldvintausuinsuuin 10
Nadans

3. thansafmudud 4 Tadans i 3 87) fnan 0wl Win 0.3 Tedans vos laden
Tulasd 5 Wesidud e 5 undi 1 0.3 Taddns exgiifennaslsd 10 Wosldud Mnan 6 unit iy
2 fadans Toieslensenlodi amnandudu 1 Tuand Ysuusinasdetinduauasy 10 fadans

4. Wiluwelfansuauiusen3osmua

5. ﬁwl‘u"“amﬁzﬁ@hmi@mﬂﬁuuaaﬁmmmmﬁu 760 WLULUAT

6. MUTIuasUsENeUNa s Ay ugTuiviluwAeaty Tnevihnns
vnassfetisay 3 9
7. fmnanUSunaansuseneunatliuessraunluasarie
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msvUBinaiuadnieun

NSAsENENTAZANENINTFIUNIARNAENLDNTY 1000 ppm wag 100 ppm

asazaneNInIgIunIaLNadndudu 1000 ppm wisulnedansawnadn 0.025 3y
arangluleniueauigninazyuiuasliidu 25 Gadans lurnuuuiines mntuidearsdumi
Talel ansumsgunsawnadnidudy 100 ppm faen1sUaun 2.5 Tadans Weanssieteniuealils
Usung 25 fadans Turiniausung

N158519N9NUIATFIUNTARNGEN

1. 1EN5aza8U1ATFIUNIARNAANLTNTY 100 ppm ULTINMILLENILRE IATAIY
Wududu 0, 20, 40, 60 kg 80 ppm Uﬁmm 0.2 fiadans lAgLENULAAZaDANITAADY

2. mﬂuuumwaaﬂmmmm 2.5 fiaddns wavtinansazaroiessuuiuimg 0.2
Nadans welidniuiuaziin 7 Wesidud lafeunsusiun (Na;COs) USHns 2 fadans

3. shlUiwenlfansuaniugedomay dendlsludiiln 90 und

4. fnAntadigandunasiinnueniadu 760 wluiumng (A 99nTUUIAT Az uas
anuddurssasnsuLnadnudeunsinasgiulasia anmdu (m) ieldiiasgiuiina
Auednluansannsoly

msiwsiliunafiuednnamaluasaiaveruuzaiaineenls

1. thansafanevazianinenldundogisar 0.05 n3u uazatedie Lonuea
UU9s 20 Uadang

2. thansataiwsealdainde 1 1Usuns 0.2 fadans Tdlunasanaaes

3. thansafaudiud 2.5 fadans uaviivasazaneweisuliunns 0.2 fadans we
Tdniud wazldn 7 Wesidud laReunisusiun Usuns 2 Jadans

4. shluweansnaufusonioman aandlludiiia 90 wil

5. ﬁwiﬂ%miwﬁﬂ'wms@mﬂﬁuumﬁmmmaﬂﬁu 760 wluluns

6. WiUSinmuansUsEneUiuednannsminnsguLnadniivinluiuieitu Tasviinns
VPaeITIDEaY 3 91

7. fnamUSinaansUssneuilueanimusluasadin

mMsvUBInaunudunavae

NsWsENEITAZANENINTgIUNIAuLTndudY 1000 ppm waz 100 ppm

ansazarsaasgunsawnuinidudu 1000 ppm wisulasdansauwnudn 0.025 nu
azaely  levueausavduaryfuUsinesliidu 25 fadans lunaaufuiines andudennsdu
witliled  arsuissgiunsawnudinidudu 100 ppm faen1sUan 2.5 $adans 1309199281071
uoalilalsuims 25 Gaddns luvandnUsuing

N138319n3MUATFIUNTAUNUEN

1. 11@1982a1811955UNIARVUENTNTY 100 ppm HLA8919A38LeN WA LTEAIY
wWudwdu 0, 20, 40, 60 ua 80 ppm Usmm 0.2 Jadans lnguunusazaonn1INAaes

2. mﬂuummwaammmm 2.5 Taddns wazlivarsazarsmessuliving 0.2
Nadans werlrdiuiuaviiy 7 Wesidud lufsunsusiun Usues 2 Jadans
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3, shlUwelfansuauiusnoniomeay denliludiiln 90 und

4. faArinAgandunasiininuenindu 760 uiluung (Aro) 1NUIA Are LazAIL
duduvesasinssunwninundeunsninsgusagmaanudu (m) ieldlnseiumiuly
ansanasoll

msiwsilinnaasssnausnuiiunameluasatavenunssinainenls

1. tharsafanetvuzsiaainenliundegisar 0.05 n3u wazatedie Loniuea
UsU9s 20 Uadang

2. thansafafiwsealdainde 1 1Usuns 0.2 faddns ldlunasanaaes

3. thansafmudind 2.5 Tadans uaviivasavanewedsuliinns 0.2 fadans we
Tdniud wazidn 7 Wesidud laReunisusiun Usuns 2 Jaaans

4. shluwelansnanfugendomeay dendsludiiln 90 und

5, ﬂwlﬂﬁmiwﬁmmi@mﬂﬁuumﬁmmmmﬁu 760 wiluiuns

6. MiUSinmuansUszneuuvuiunnsiasgiuwnudn i luiufeatu Tngvinig
nPaeIFIDEaY 3 91

7. fnamUsinaumuiiuroueluasara

nsRnwavasiusyyadaszvassIataneuNzinstheentdl Tnensiasudlunis
§uga DPPH Radical

ASAsENENTAZANYRI9E19

1. Fensaaveunzshainenlsiodneas 0.010 nfu azanese Absolute Ethanol 20
fiadans auldasazaefifinrundudu 500 mawIouansaraeinasglulasniudediadans

2. 39319978 Absolute Ethanol Tilaauidudunngg (500 250 125 62.5 uay
31.25 lulasnsuneladans) aslurasannaes vaenay 2 Jadans

NSLASHNEITAZABNINTTIY

1. %’dmsazmammgm (BHT wag BHA) 0.010 NS agangme Absolute Ethanol 20
fiadans auldansazanefidanudiudu 500 lulasniusefiadans

2. ud9319928 Absolute Ethanol Tlaanuidudumng ¢ (500 250 125 62.5 wag
31.25 lulasnsunefiadans) aslurasavaass vaonay 2 Jadans

N19M3ENANTazANERYNADESE DPPH

43 DPPH 0.0237 n3u azanedie Absolute Ethanol USuu3uns 10 fiadans azlé
Stock Solution Wudu 6 x 107 Tuand weashuldlmieaslidu 6 x 10° Twand TneTeun 0.1
Hadans Usuuiung 10 dadans

nMMAFaUaNERNLaYYAdAsY

asazateiiog uaududuning 9 umegeuauansalunsTuiveuyadasy
DPPH wigufiuansazatsunnsgiu BHT uag BHA AR 1
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A13197 1 TuRpuNITLANATTaEaEie AR U VEAUeLLADATEAIT DPPH Radical Scavenging
Assay

N
2
2
D)
DD
=3
N

Test Sample | - @15azaiufi0e1e 30 a1sazaneuinsgiulu Absolute Ethanol i
AULTUTUA®)
- @138zane DPPH 6x10” luans Tu Absolute Ethanol

N
pd)
2
D)
j2)))
=
N

Blank - @N38raNeRIBg1 3o arsavaeuinsgulu Absolute Ethanol 2 iadans
- Absolute Ethanol 2 1addns
Control - @138zane DPPH 6x10” Tuans TuAbsolute Ethanol 2 fiadans
- Absolute Ethanol 2 1addns

Hauasluwdazvaealidniuf Unngamgivies 60 il Tuia 9nUuis Jnnis
AANFUKAITIAINEIAGY 517 UIWIAT YIIN15NAGRY 3 91 NEINTUYINTAUINNToYAL YRS
AueuYadaseasil A

AN % DPPH Scavenging = Control — Sample  x 100

Control

WaOANIINIIA ECso LUSBULBUAY BHA BHT wagnisanaugdasdinentsl Tunis
s1e9uAIenuaNdy ECs Felannnisadiansmiuansmnuduiussewing %Scavenging fluaaa
LN BINSAIUIE ECso ADAMULTNTUNIAT % DPPH Scavenging tinfiu 50

WNan1539e
1. WAN15AATITIUSHIUNAN I UBEANINUAVBIENTENANEIUNTI9Unan el

v
o

P a s 1Y) ! H o
M1919N 2 ‘IJ31]'1mwa'{hUE]EJ91‘VN‘VHJm%aﬁa’]ﬁﬁﬂ@m&"lUm%ﬂJ’Nu’]@@ﬂ\lll

. v e o Y Yunamlalauassnavun
uzaivsinenldvasdaminaszuia A a v 1A an
(AagansunaNanang)
a1 uzshaheenlsived 4 0.15
auft 2 uzshaheenlsiued 4 0.12
a3 uzshaheenlsiued 4 0.10
a4 wzshaheenlsiued 4 0.08
auft 5 uzshaheenlsiued 4 0.14
@it 6 uzshaheenldanes 0.13
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A1519% 2 (5iD)

. % v v e Y Usunamlanlauassnavun
uzairsinanldvasdawmingszuia n a v 1A an
(HaansunaNaaans)
auft 7 uzshaeenlsEnes 0.08
auit 8 uzshaheenlsfEnes 0.12
auft 9 uzahatheenlsidves 0.04
auft 10 wvshahnonlsEnes 0.08
auit 11 wzshahnonlsEnes 0.06
auft 12 uzshannonlsEnes 0.1

31NM15°99 2 wudrasadavevazasiinenldives 4 @i 1-5 § Ysuiumaila
weeAauneglue 0.08 - 0.15 fadinSudeliaddns wazansaiaveutzsilninenlddnasaiun 6 -
12 fivsmaialiueeanvuneglugie 0.08 - 0.13 Tadnsudeiading

2. HaN15ATITVUSIN U A NNMNAYBIENSENAETUNTH9tnan

P a ™ a ) \ H %
M13749N 3 ‘LJSmmWUE)aﬂ‘UENm'ﬁaﬂmﬁmumzumumaﬂiu

% v e o Y Usunauuadniisnun
uzdsunenldvussdeninassuia e w o, .
(fiadn3unnadnfeuvtnvasasann)
auil 1 uzdhseenldives 4 66.20
auil 2 uzdhseenldives 4 60.94
lﬂ' 1 901 4 4
aun 3 uzdhahnenlilues 4 63.74
aun 4 ugdhahnenliiues 4 5154
aud 5 ugshadnenliiues 4 5441
auil 6 uzdhsieenlddves 53 60
gl 7 uzshadheenlddves 53.11
aui 8 uzshanenlddnes 76.21
auil 9 uzihanenli@ves 38.67
Uil 10 uzshsnenlddnes 76.56
Uil 11 uzshsaonlddnes 60.77
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A15197 3 (si0)

YSurauluadnnaviun

uzsinsunnenldvasdwmindseuia ;e oy .
(HadnJuunadndeuvinvesdnsann)

auil 12 uzahsinenlil@nes 56.51

31AM15199 3 WU @rsatavetvtzdsdinenliiiues 4 @ 1-5 TUSuuuedn
favuneglutig 51.54 - 68.74 Tadnsuwnadindeuminvesansanin uazansadnnevugsainenlyd

il
dnesaiuil 6-12 fUsunaiuednviuneglugi 38.67 - 76.56 fadinTuunadnseumtinvesansardn

3. NAN15ATITUUSUIUNUTUN VNNV IETEN AEN UL nants

A15199 4 USunaunuiiunianunvesasaiarenuzaisinnental

% v u o v USunauumnuiiunevan
uzaivsinanldvasdawmingszuia m e e % . .
(RadnSuunuiindeuvitinvesansana)
auit 1 uzshaheenlsived 4 63.29
auft 2 uzshaheenlsiued 4 58.25
a3 uzshaheenlsiued 4 65.74
a4 wzshaheenliued 4 49.22
auft 5 uzshaheenliued 4 51.97
@it 6 uzshaheonlsEnes 51.20
auft 7 uzshaheenlsEines 50.73
auft 8 uzshaheenlsEnes 72.91
auft 9 uzshahnenlsEnes 36.86
auft 10 wzshahnenlsEnes 73.25
Uit 11 wvshatheonlsiEnes 58.08
Uit 12 uzshahnonlsiEnes 53.99

1NA15199 4 WU ansananenuusileiinenliiues 4 aiui 1-5 JUSuaunuiiy
”wmaaﬂuﬂm 49.22 - 65.74 TaanSuwnuiineeuninuedansann wazaisanaveuusilaimenlyd

9
dnesaiui 6-12 TUsiaunmuliunmueegluyis 36.86 - 73.25 Tadnsuunuiindeumiinvesansadn
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4. nan1sAn¥IgNSAUaYYadaTEYsatsaiane1uNziluinanllilae s
DPPH radical

A15199 5 A1 ECso U89 BHT BHA ansananeuusssuinentsl

#19029819 - - UECZO -
(laansw/danans)

BHT 1.13

BHA 1.16
awit 1 uzahanenlsived 0.90
auit 2 uzahadnenlsived 4 0.92
awit 3 uzahanenlsived 4 0.90
@il 4 uzahainenldives ¢ 1.71
@il 5 uzahabnenldives 4 1.27
@it 6 uzahainenlsEnes 1.70
@it 7 uzahanenlsEnes 1.34
@il 8 uzahanenlsEnes 1.27
@it 9 uzahainenlsEnes 1.24
auit 10 uzhatheenlsEnes 1.00
At 11 uzthatheenlsEnes 1.51
awit 12 uzahaieenlsEnes 1.70

NMTNN 5 nuhansadiavevaeidinenliiiues 4 aui 1-5 Tgvsiueyyadase

5%

0glur29 0.0 - 1.71 fiafin3usiefiadtng uaransataveiunsssinonlifnowud 6-12 fquisu
oyyadasvaglutia 1.00 - 1.70 fadnfusefiadang isufuansuinsgiu BHT uas BHA Tadlan ECs
WU 1.13 waw 1.16 Sednusiofiadans mud iy uaznuiiugsheinenliives 4 ffiquidueyua
Sasvannniwezssthaenliaves
A7UuazanuTeNanIsIdY
1. mamusnamabussiimunvesasatavetuusisaonlives 4 sl

1-5 U350 wanluosdiauaoglugig 008 - 0.15 fadnsuselindans uazansatang1u
ugshainenlifnesaind 6 - 12 fusinamalusssimneglutag 0.08 - 0.13 fadnsusiefiadang

2. mamUiinafuednitamuavesansataveivuzsisinenliives 4 amd 1-5 &
Y ?\Iuaﬁﬂﬁmmagﬂuﬁm 51.54 - 68.74 fafn3uknadnsotminuesansatnuazas
affoveunzssthnonlsiEnesaiuil 6-12 ﬁﬂ'%u’lm?\luaﬁﬂﬁgwmagiuﬁzm 38.67 - 76.21 HadnJuunad
neewiinvssansarin
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3. mamUmaunuiuisueesasataveivugdaninenliiues 4 aud 1-5 4
USinaunuduiommneglutag 49.22 - 65.74 fednsuunuiinderhwminvesansadn wasasatavey
uzsisiheenlsidvesand 6-12  Tusinaunuiuounegludis 36.86 - 73.25 fadnduunudnge
hwiinvesansarin

4. msneaeunYENIUeYYaBasy DPPH wud1 asafavienunrsisiinonlsived 4
il 1-5 fgvdduoyyadaszegludia 0.90 - 1.71 fiadnfusefiadans uazansaiane1ungiiag
ihmenlsianesaudl 6-12 gt usyyadasveglutng 1.00 - 1.70 fednurefiadans Wisutuans
UATFU BHT Waz BHA Fafldn ECso Winfu 1.13 way 1.16 adn3udefiadans aud iy wazwui
uzshahaonliiues 4 Sgvsfueyyadaszannniushahnenlifines

MnMsAnw MU sUsenourlathussdianunaswuhansataugasinenls
\wos 4 awd 1 ﬁﬂ%mmmwizﬂaumwhuaaﬁ‘ﬁwmmWﬂﬁqm 0.15 fadinSureliafang uzdls
ihnenlifivesanes adl 6 fudinaasUszneunatluesdiiamuauniian 0.13 Sadnsureiaddns
awnui wzshaheenliives 4 asuszneufiuedngsnimmgsiinonlifines nnsmuiad
ueAnlunzahsinonliis 2 anewug wud uzshadnenliives 4 andl 3 SuTmaassznevd
uaBnitmuaanniian 68.74 fadnsunnadndetwiinvesansare uzshahaenlfivesdnesmui 10 &
USnaansusznevituedniimuainniian 76.36 fiadnsuunadnseruiinuesansarin dsaenndeaiy
Ribeiro et al. (2008) fildinnsAnwiUsinauansusnouiiuedn uaznsiusyyadaszvssszaiadly
aneiusinululsemaus@anuimetusveszshsludazasiugianuuansiswosasszneuil
uedAns asUszneuTluednidumsidestunsidenaninuesemsuda fanusnannisiinUfizen
sondnduluszuu $1enevestiuilae Inemuinisuslaanaliluusasnnansaanauidsdums
Anlsavaon Fontalogadu Snffdsanunsnananudsdunis nlsausdetesia egrdlsfiay
UsAvsawms Wuasnuoenfinduremaliasunaniatuly Susyfusiinvemaliannismuiina
wuiluszahainenliiis 2 aeiug nuiasdhaieenliives 4 il 3 fusinamsUszneuuny
ﬁuﬁy’mmmaﬁqm 65.74 fndnsuunuindetminvesansade uzshaheenliivesnesaud 10 3
ﬂ%mmmiﬂizﬂaULmuﬁuﬁwmmﬂﬁqm 73.25 fiadnSuunuiindernnuesansatn waswuiueg
ihaenliiues 4 fiquifueyyadaszannniuzhainenliEnedeeiiguiduoyyadasawaelnedan
ECso iU 0.90 fiadnsusiofiaddns uasiilevarsataainidenauzasfvuesusinsinenlsidnes
Lazlues 4 3nAiAT1esignsueyyadastlag3s DPPH Radical Scavenging Wudtanewudinasonys
Fueyuedaslaansatauzsistnonliives 4 aaudl 1 was aaufl 2 Sqvdduoyyadassgeaelned
A ECso Winffu 0.90 fadnfusefioddns illewisufiuasazateninsgiu BHT uag BHA

JoLduBLu
A5YINIsUSsULisuAYazaneiltlunsananeutsitaiiaen s lildansads
peuluusuufAnn
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andfnuayyadaszuazUsunamuainsauainluwien
aungas Uagu’ wnunad Y’

unAnga

miAdeiifunsinyiiinanailiuesdsin Usinafiuedny Usinaunudusia
wazquiiueyyadaszvesansataveuiemueaanluren (Cnidoscolus aconitifolius) Hauuuan
LagwianAnwinudl Uinamailiesdsinainarsafavetvlumenaniiviunugeiiagad 1.22
fadnfudediadns Vinaluednmmnansataerulunenaniiuiinaigeiigadl 61.77 Saanuunadn
sonsuthmiinansadn Unaunuiussanaisadanerulunenanduiunugeiiaad 91.36 adndy
wnullnAoladans LLasaMﬂﬂ’ﬁﬁﬂmqw%‘é’ma%aﬁaizéw"a&ﬁ%‘ DPPH free radical scavenging #wuin
asafaneuiomuoanlumsuisdigviveansiuoyugdassanniign tnefie1 ECs Wity 0.84
Tadniusieliadans

Adfey : lunen Usinamatliueedsid Usinailueingiu Usinaunuilusid gnsieuyadase

Y vangasied parInermansuazialulad umInerdeivigalaseansal luwszususigudus Yoninuyusid
e-mail: napattaorn@vru.ac.th

2 yangmand Az Inenmansuazinalulad un)Inerdesivagilageasnsal lunssususiyudud dsmiauyusid
e-mail: ga79710@¢gmail.com

* gﬁwuffwﬁn e-mail: napattaorn@vru.ac.th
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ANTIOXIDANT ACTIVITY AND TOTAL PHENOLIC CONTENT FROM CNIDOSCOLUS
ACONITIFOLIUS LEAVES

Napattaorn Buachoon' Phakamat Choosen’

Abstract

The present study was performed to evaluate the total flavonoids content, total
phenolic content, total tannin content and antioxidant activities of the ethanolic extracts from
Cnidoscolus aconitifolius fresh and dry leaves. The result showed that crude extract of
Cnidoscolus aconitifolius fresh leaves had total flavonoids contents was 1.22 mg/ml,
total phenolic content in crude extract of Cnidoscolus aconitifolius fresh leaves was 61.77 mg
Gallic /g crude extract, total tannin content in crude extract of Cnidoscolus aconitifolius fresh
leaves was 91.36 mg tannic /g crude extract. The highest antioxidant activity using DPPH free
radical scavenging method was demonstrated by Cnidoscolus aconitifolius dry leaves at ECsg
0.84 mg/mL

Keywords : Cnidoscolus aconitifolius leaves, total flavonoids content, total phenolic content,

total tannin content and antioxidant activities

I Chemistry Program , Faculty of Science and Technology, Valaya Alongkorn Rajabhat University under the
Royal Patronage e-mail: send2duang@hotmail.com

2 Chemistry Program , Faculty of Science and Technolosy, Valaya Alongkorn Rajabhat University under the
Royal Patronage e-mail:sa79710@gmail.com

* Corresponding author, e-mail:napattaorn@vru.ac.th
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unmin

oyuadasrlusumeuywdiAnantadonaeusznisiamelusasmeuenineme T
AnFIlutegiuinAeuuadulidesldldlaguamliiandudemsfndenauauar e mnsii
Suusmuiilaivangan mswnsleulsidioame Lifnalumsesnidamesudmnuesesluvinunansane
wndouuarianMzeuiid it deifueyyadassidu Selusmaumdnuiuamnd o
viliwadidenuaziiilugnsuivswioruidssensiinlsasing i Tsaviala Tsuzisa sarumnnu way
Tseewsulafings usu viliwutygmauamannlsadesanntulutsegitesaminmenumsing
wudrasngnued duauunn lnsnizaisnquiluednvsiianuaunsalunisiuenyadase n1skasu
ansssIuRTRVER UYLt AR nmmAsuaranusunslsndesiilaummananeyyadasyls (3
TNATHUY, USSR deivies, 2560; uigos Uiy, 2560, 2561)

ansitharldseduniedudinafneuyadasy Seniensdueuyedass \Juasiivhudi
sofudediudimaiaifseeendeduimedudeuyedasilivhaeesdsneutentadlasasdinu
ouyadasziisumedeimaadlidulssdloun Iniud uainiud ([Creneding sRdnual Vsrvessa,
2549)

Tune(Cnidoscolus aconitifolius) w3 aaztindind fuduuma swadusiu Ianfluunaides
TnuvaiTen uoswin uddaduuasionumnysaivemnsinueyyadassuenaini lwnenddssivansemns
gsndiinluderiielag fugnuuiiu 2-3 widnse wilvmneduiifiudesniiansnglaluddazanuaos
ansfiwdmonleenludesnin Sssdusenilignieuiulneldinarszana 2-3 unit lumsvilsign wiean
ovisvesensiiduiivlioglussiulasniemene fusyasd 2560)

mndoyatheiufidedelafiasAnunuinamaliuesdsin Uinailuedngy Usuw
uwuilusiuuazqrsiuoyyadassuesansatavetuiemuoanlumendssdvsamitedunsdng
Fowtu wanduteyatiugniumailUidvslenilumenswwdsely

IUILEIAYaINITITY

1. AnwUsunamanliueensin Usunailuednsiu Usunaunuiusinvesdiuana
VeUTeYUEAIN UYL UUARLAYLUULAS

2. ﬁﬂmqm%‘ﬁma%aSaizﬁuaqmuaﬁ’wmu%uLamuaasuaﬂwmm LUUAALAZIUU
N

A AUNITIVY

AsIesENETSaNARETURINTUYILN

luw181 (Cnidoscolus aconitifolius) I8AILBYLATIEFNAIINAUINITITHUIIATYTAR
waliles dindaaiunisiseuiiaruinisivins uninerdesvdigilaseansallunseususigudud
thandredeiliazenn fulfanden dumiahlvovlufoufioumgf 5 esewadoa wunssiouis
wazthlumennuvanuazuuuuisldddimsuihminfuduoundhunatnaei vazarsieniuea
95 Wedidus fre3sn1sutnin(Maceration) fiafalnenisudluvanina Yanwurieldifuna 7 u
ﬁqquﬁﬁm Lf‘iamuﬁmumﬁﬂﬂmmLwﬂmﬁazmdmma?mmaqqzyzgnmﬂ Wansiiaialauisyme
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Fhagarseen lngldiaiesszimearsnieliayanie (Rotary evaporator) agldduduaianety
Fuonuea (Ethanol extract) uddsiminuvesansataveuiild azfushegidld

mamlTunaiueangu

NSATENENTAZANENINTFIUNIARNAENLDNTY 1000 ppm wag 100 ppm

asazaneNInTgIuNIALNaANTLTY 1000 ppm wTeulnsdansaunadn 0.025 3y
azanglulonueausarinarUsuuiinmslniu 25 5a3ans luraauiuuiinms nduidearsdumi
Tlaansunsgiunsaunadnidudu 100 ppm men1stilaun 2.5 §adans 1ieanesgieniuealila
Usung 25 fiadans Tuviniausung

N158519N9NUIATFIUNTARNGEN

1. A58z a811ATFIUNIARNAANLTUTY 100 ppm UILTBINIMILLENILLEA IATAIIN
wWudwdu 0, 20, 40, 60 uaz 80 ppm Usmm 0.2 Jadans lnguunusaznaonn1mMnaes

2. mﬂuummmaammmum 2.5 fiaddns waztAnansazatueassuyinImg 0.2
Nadans welidiufuaziiu 7 Wesidud lafeunsusiun (Na;COs) USHns 2 fadans

3. hlUwelfasuauiuieedemay snslilufida 90 wifl

4. fnAn¥adigandunasiinnueniadu 760 wluiumng (A 99nTuLAT Az uas
anuddursasm T IuLnadNI LI uN TR T ULaE AT ALY (m) LieliTinseiTua
Husdnswluarsannsold

nmsasziliunaiiuednsiuluaisanaluyien

1. thansanalugeuuuanlagluuLias udaeg1saz 0.05 NSU N18¥a181Y LevIUea
UsUns 20 Uadang

2. thansafaiwsealdainde 1 11 Uuns 0.2 faddns ldlurassaveaes

3. thansafmudiud 2.5 fadans uaviivasazaneweisuliunns 0.2 fadans we
Idniud wazidy 7 Wesidud ledeunisusiun Usuns 2 Sadans

4. shluweansnaufusnenioman aendliludiiia 90 wil

5. T giinsganaunasgeanTsmNETIAAL 200 - 800 wiluiuas Felndes
UV-vis spectrophotometer LLaﬁﬂﬂ'ﬁmi@mﬂﬁuumﬁmmmmé‘lu 760 WluUAT

6. WiUTuafiuednTinannsninsgrunadnivilluiufedtu nevinimaaos
#ogeay 3 9

7. AnanUsinadueansiluasais

AsNIUTUUNUTUTIN

MswsENE1TAzaNENINTgIUNIAuLEndudY 1000 ppm wag 100 ppm

ansazarsaasgunsawnuinidudu 1000 ppm wisulasdansauwnudn 0.025 nu
azaslulomueausquikar USSRy 25 H0880s luraauiuusines mntuidenisdui
Tlaasuinsgunsaunudnidudu 100 ppm en1sUaun 2.5 faddns 1Wearereniuealile
Usuns 25 Nadans lurainuiuins
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N198319N3UUIATFIUNTAUNULIN

1. an982a181193gIUNIARUTNGNTY 100 ppm 11L30919038LeNUea LAY
Wadudu 0, 20, 40, 60 uaz 80 ppm Usmm 0.2 1088735 1NgUENLARZNADANITNAADY

2. mﬂuummwaammmum 2.5 §adans wasiivansarargossuusuing 0.2
fadans welmdntufuaziiy 7 Wesidud lafsuasuaiun USuas 2 aaans

3. U lfansuauiusondomay denlsludisln 90 und

4. SaAninA1gandunasiinnnenAdu 760 Ulung (A Nt Az wazar
utuvesansnasgunsawndnnidounsinsgiusazmanedu (m) ieliiesgiumduly
asanasell NMsaTIImesRYsEnaumaAiivesasanaetuluyen

msaaszidsunaunuidusiuluansainlugien

1. drasannlure L UUEALAZLUULIAN 11i1881988 0.05 NSU U1aLaenIg Leyuea
Y3uns 20 Haddns

2. dasatafiwdenlaannde 1 11 Usumns 0.2 fiaddns ldluvasnnnass

3. thansafaufiuth 2.5 fadans uesiivansazatowessuusunns 0.2 Tadans we
TR wagidy 7 Wesidud laifsuasuaiun USuns 2 faaans

4. Yrldwelfansuaufusendomen dendlsluiida 90 und

5. hlUiirsgviinsgANAULAsEIanTIsANENIAAL 200 - 800 UiluLuAs FelA3es
UV-vis spectrophotometer LLas"’imﬁhmi@mﬂﬁuuaﬁmmmmﬁﬁ 760 wiluiuns

6. MU TUsENeULILTUIINNT IR s IULuinAviTluTuAendu Tgvinis
VPaeIFIgaY 3 91

7. funamUSinaansUssneuunuiuiamaluansade

mMsmdsunaualausensau

NSHZENATALABNINTFIUNY

1. Mawwuansavanesiu Fagiiu 200adniu azarede 80 wWedldud leiuea Uiu
USu1ms 10 fiadans Yaundesrsdae 80 wWesidud tonuea Tldarududusig dail
1.0,0.8,0.4,0.2,0.148¢0.05 dadans (UiUnansavangunnsgusiuyusun 5,4,2,1,0.5ua20.25 daaans
auaeu) Taluvanusuusunesuunn 10 faddnswarUSuusunnseiy 80 wWesidud teniuea

2. W3puasazatefiegne feansadaneulurisnuvanLasuULEIeg9as 20
fadnsu avangme 80% Levuea USuUsuIng 10 fadans

3. w3eulaionlulasd 5 Wesidud Inedeansazanslaionlulesd 5.004 n$u avans
felunIuea USuUsung 100 Jaddns

4. m3wien 10 Wedldud exglilounaslsd daansazane exqiiflounaslsd 10.087
n5U azaussunIYea UsuUsuns 100 Jaddns

5. nsmSsuasazarsluieulonsenles arududu 1 uars lnedeansazaiy
Tuoulonsonles 10.002 nfu avanedletindy 250 dadans
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msAaszidsunaanlauesasauluansanalunen

1. drasainluv1guuuanuaslUuLIAs 11A70819as 20 Jaansy Unavaiusiy 80
Wasidud tenuealsunns 10 Jadans

2. Yrasadafiedouldainds 1 11 Usuns 1 Sadans lduaniausuinsouin 10
fladans Wuthndu ¢ Tadans (h 3 $1)7nan 0 uifl Wy 0.3 Tadans vos 5 Woddud Tudelulase

=

fnan 5undt 1 0.3 Tadans ves 10 Wedldud exgiidlounaslss fnan 6 undl iy 2 Taddns ves
Toieilansonled mnududy 1 Tuans Usudsinasdethnduaunsy 10 fadans welmdsu dily
arn nsgandunasiienuendy 510 wilunas

3.115LM38% Blank

UUnindu 5 fadans lavaninusuiasouia 10 dadans e 0 wift i 0.3

fiaddns vea 5 Wedldud luidoululagd fnan 5 il 1Bin 0.3 Taddns ves 10 Wesldud ozgiiien
aaelsriiiaan 6 unil iu 2 fiaddns veduienleasonles Anududu 1 Tuand Ufuusinaseae
nduauAsy 10 faddns lwelidniy ihlunrnsganduuasiiaaiuennedu 510 wluins

4. muanysinaualuesaniuluaisann

nsAnwautinisduansfirueyyadassvasasana lugeuuuaALAZ UL
Tnensiaaudiluniséiuds DPPH radical

NSRS LNAITAZAIUAIDY

1. FeansataneulumeuudnLaruUULTeEsay 0.010 n3u azanedie Absolute
Ethanol 20 faddns auldasazanefifdanududu 500 nswisuasazaenssululasniuse
Hadans

2. huidea19918 Absolute Ethanol Tlaaanuidudusngs (500 250 125 62.5 wag
31.25 lulasnsunediadans) aslurasnvnans viaenay 2 Jadans

NIWSENANTAYAILUINTFIY

1. %’dmsazmammgm (BHT uag BHA) 0.010 NS aganame Absolute Ethanol 20
fiaddns suldansazanefidamnadudu 500 llpsnsudeiadans

2. 39319978 Absolute Ethanol Tlaaanuidadumig ¢ (500 250 125 62.5 Laz
31.25 lulasnsunefiadans) aslurasavaass vaonay 2 Jadans

NsWsENaITAYaLeLYadeasE DPPH

43 DPPH 0.0237 n3u azanedie Absolute Ethanol USuu3uns 10 fiadans azlé
Stock Solution Wudu 6 x 107 Tuand Weanhuldlmienslidu 6 x 10° Twa$ TneTeun 0.1
Hadans Usuuiung 10 dadans

nsvedeUgVsENueyYaBaT

asazateiiog uaududuning 9 umegeuauansalunsTuiveuyadasy
DPPH 1igufiuansazaleunsgiu BHT way BHA
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A1197 1 Funeun1siiuansay mmwamaauqm% NueuLadaTEaIeI5 DPPH Radical Scavenging

Assay
Test Sample | - @158¥a18/29813 #39 @19aza18uIn5g1ulu Absolute | 2 adans
Ethanol 7IANULTLTUA9)
- @13azane DPPH 6x10” Tuans Tu Absolute Ethanol 2 iadans
Blank - @19aza18810819 w30 a1savaleninsgIuly Absolute | 2 Haddns
Ethanol
- Absolute Ethanol 2 1addns
Control - @13azany DPPH 6x10” TuansluAbsolute Ethanol 2 fiafians
- Absolute Ethanol 2 1addns

maumﬂuLLmamaam’meﬂum ‘umammmaa 60 mvn Tufia aaniuda mmmi
mmnauuaawmmmmau 517 wiluwns ¥nsnaaes 3 9 ‘maqmﬂuummsmmmmiaaaumaaqm
mua%aaaismu Ao

AWM % DPPH Scavenging

% DPPH Scavenging = Control — Sample  x 100

Control
NRANTININAT ECso bUSUBUAU BHA BHT Wagn15aiabuye U UaALaTLUULAS
Tunssesuaazsisauaidu ECs 3elaainnsadnansmuansanuduiusse wing %Scavenging v

AITNTU BIN1TATUIN ECsp ADAMITUTUNLIAT % Scavenging L¥inAu 50

WNan1539e
1. d15U52naUNan 1 UBEAINVBIETENANLIUIIN UYL

A5199 2 USunuiluedniaiunvesasainnenulugn e luuanlag luuLiAe

dsann Ysuaansusznaunaliueensiy (mg /ml)
Tumewuvan 1.22
Tumekuuw 0.44

1INH151N 2 WU @NSENANYIVIN LUV UEATUSU WA UBEASINLINITIU
YUYWUUBIA AU 1.22 way 0.44 Tadnsunaliadans auaisu
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2. nan15AsITRUSINauiuadnsanvasasanauenulunen

A19199 2 USunadlueansinvesansananeulusng iU uanLas UL

RREGHIG Usunauuaansau (mg GAE/g crude extract)
Tumewuvan 61.77
Tumekuuwe 47.23

1NA157199 2 nunasanaverulurekuvaniusunauiuednsinuInI U gILUY
WIS WAL 61.77 way 47.23 Taansuknaansansutiiming1sana auansu

3. nan1saAszUsNNuEsUsEnaULiusmvesasanavetuluien

A1919% 4 USnaasuszneuuvuiusiuvesansadavetuainlueien

d15dna Ysuauansusenauwnuiiusin (mg/mL)
Tumewuvan 91.36
Tumekuuwre 77.62

1A 4 WU @NSEANANLIUIN TuTIEUUERSUS LU TUSIUUNAIN U
LUV 117U 91.36 way 77.62 Haansuwnuinsansutnning1sana auansu

4. wan1sAnwautAnisiduarsfueyyadassuasansaianevluyienlngis
DPPH radical
Han1saneautRnsluasiueuyadasyvesansatavenulumen Wisuiunsw
WINTTIUTENTNAUTUTUYDIBHTUAEBHA A1N1TQANFULET naaeulasnsIaaudilunissuds
DPPH Radical Scavenging #3n15137 5

M990 5 Han1InadeUgVSAUeuYadaszrasasaiaveulune Weuiuasunigy

AMALTNTY DPPH Scavenging ECso
#@Nsnadau
(ug/mL) (%) (mg/mL)
31.25 33.73
62.50 48.09
Tumewuvan 125 65.79 1.83
250 81.08
500 94.90




PYd

MsanTideuaziau dlageansel lunssusunyuiugd auIngmansuazinalulad | 141

A1519% 5 (5i0)

AU DPPH Scavenging ECso
#1nadau
(ug/mL) (%) (mg/mL)
31.25 56.32
62.50 64.30
Turgwuy
o 125 78.83 1.29
WA
250 85.86
500 92.36
31.25 50.09
62.50 57.09
BHT 125 67.70 1.53
250 74.67
500 84.55
31.25 62.37
62.50 66.88
BHA 125 75.77 0.84
250 79.17
500 84.09

a a1

NeN9197 5 wandbiiuinansadaveuantuie Sgvsdueyyadass Inefian ECs

fn Turewuuwite winnu 1.29 fadnsuselaaanswazlurieiwuuan windu 1.83 Jaansuneiadans
Wieuiuansunnsgu BHT way BHA &ailen ECso winiu 1.53 uag 0.84 adniuseliaddng audeiu

dyUuazafiunenanisIvY

1. msmUsnamalusssuvesasatanerulumeuuudnwas wuussiiatngae
e InuieuiunanuInsgIuvesEsaraeNInsgIu A nuhasadaveulumeuuanuwag
WUULREN A leNIuea SUSUuNa1luesnswiNnU 1.22 fadnsuneliadans 0.44 Nadnsuse
1ad8ns sua1au

2. mImUsnailueansiuvesasatavenulumeuuvanLasLUULRTiat aseLe
woa lneLfleuAunsMuIAITFIUVRIENTArA18LINIFIUNTARNAEN NUTEsainreUlumeuUEnLaL
wuuwiefiatndieeniuea dUSuafiueansiuiniy 61.77 Sadnfuunadndensuiminansada
47.23 fadn3uunadndensuinvtinasasa AusIsy

3. psmUSnaunuiusuvesasatane UluT e L UUERRAS LU TIaR AR BN
woa lnelsuiunIMuInsgIuYedaIsaraI8uInsgIUNIARNLLn nudtasaniareulureiuuan
wazLUUWiRatadetenues TUSinamudusiiniu 91.36 fadnfuunuindensuviinansadn
77.62 fadnsuunuiindenduthminansain audisy
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4. MsnndeUnVNIIIUBYYAdasy DPPH wuin ansadavenuluriewuuuiitardn
shetenueatigrinisiueyuadasy lddninansafaneulureuuvanlaesien ECs iy 1.29
fiadn3urefiadans 1.83 fadniurediadans auddu Weufuansamsgiu BHT wag BHA Seidn ECs
WU 1.53 uag 0.84 adnSuseliadans anuasiu

lun1snaaesiinisainansanlumeuidnlglenIueanyil NUNasanane1uYes
Turguuvanuazuuuuis Andusesazaesansadnvindu 5.14 wag 22.93 AudIRy 4agINN13
maﬁ]aaumiwqwmﬂﬁLﬁyanﬁmmmmﬁ’wawmﬂ%msn (Cnidoscolus aconitifolius) dlevinis
nagevUiuaasUsznoufiuednienun wuirasafaveuioniueaainlurieianiuiuim
a1sUsznoufiuednmuuihiu 61.77 Sadnduvesnsaunadnsetminaisadn dmiugvdiueyya
fasznudn asatnlumouuuuiilvifueyyadaszguaniieifisuiuasataluveuuuan an
MsfnwUIINaE1IUsTNaUTURANT I LLazqw%‘&’ma%aSaizﬁuﬁ%‘ DPPH radical scavenging Wui1
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KINETIC OF COOKING PARBOILED PRE-GERMINATED BROWN RICE AND TTI DEVELOPMENT
Nucharee Krongworakul' Onanong Naivikul**

Abstract

Parboiled pre-germinated brown rice (PPGBR) is a modified rice by germinating
and parboiling to improve its quality. It is considered health benefit as the results of hydrolysis
of high molecular weight polymers which decreased the molecular size and produced bio-
functional substances during germination. Normally, the qualities of cooked rice depend on
many factors; cooking condition is one of them. The purpose of this work is to determine the
activation energy (E.) of rice cooking process and develop the time-temperature indicator (TTI)
for monitoring the process. Rice cooking kinetic of PPGBR from KDML 105 was determined by
measuring the hardness value of cooked rice over time. The optimum cooking time at 100°C
was 20 min. The £, of rice cooking, derived from Arrhenius plots of cooking rate constant was
16.69 kJ/mole. TTI was developed based on chemical reaction to monitor rice quality during
processing. The absorbance at 420 nm was measured over time at 80°C, 90°C and 100°C. The
color of TTI changed from colorless to dark brown. The E, of TTI calculated from Arrenius
equation was 94.30 kJ/mol. The color changing of TTI directly related to rice cooking at 100°C.
The present results suggest that the color changing of TTI could be used as an indicator to

monitor cooked rice quality by visual checking.
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Introduction

Rice is a staple food for most Asian people. There are many methods for cooking
rice such as boiling, steaming or using electric rice cooker. All these methods use energy at a
considerable level. Understanding the kinetics of rice cooking is beneficial to conserve energy
consumption. There are several studies on kinetic of rice cooking at various conditions to obtain
activation energy of cooking, but no information on kinetic of parboiled pre-germinated brown
rice. Parboiled pre-germinated brown rice (PPGBR) is a modified rice through germinating and
parboiling to improve its quality and known to be health benefit. Chemical and physico-
chemical properties of PPGBR were found to change compared to brown rice as reported by
Panchan and Naivikul (2009). Further study on the kinetics of PPGBR rice cooking is beneficial
for the control of cooked rice quality.

Kinetic of rice cooking is used to design the optimum condition to cook rice but
the controlling of optimum time is also very important in food processing. Time-temperature
indicators (TTls) are effectively used to monitor, record, and cumulatively indicate the overall
influence of temperature history on the food product quality (Giannakourou et al., 2005). TTls
are developed base on different biological, chemical and physical processes. They exhibit color
change with elapse time. Sun et al. (2008) developed a new amylase type TTI based on the
reaction between amylase and starch. Vinicius et al. (2012) reported a colorimetric temperature
indicator made from chitosan card paper system. A time-temperature indicators based on non-
enzymatic browning reaction of Maillard is new. It is a reaction between amino acids and
reducing sugars, which takes place in thermally processed foods. The rate of Maillard reaction
are governed by its immediate chemical environment including water activity, pH and
temperature. It results in the formation of complex mixtures of color and colorless reaction
products.

This research focused on the kinetic rice cooking of PPGBR and development of
time-temp indicator (TTI) to monitor the quality of cooking process. This new type of TTI was
obtained under constant temperature and their dynamics parameters were analyzed using
Microsoft office software to construct a mathematical model, which would reflect the
relationship between color absorption and temperature over time. This new time-temperature

indicator used sugar and amino acid which are suitable for food processing.

Materials and Methods
Kinetic of rice cooking

Parboiled pre-germinated brown rice (PPGBR) from Khaw Dok Mali 105 (KDML
105) was obtained from a supermarket in Thailand. Rice sample was cooked by weighing

approximately 10 g into 75 ml glass tubes. Then, water was added and the tube was placed in

a water bath at a constant temperature in various conditions (80°C, 90°C and 100°C). At time
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intervals of 5 min, the tubes were removed from the water bath and the cooked rice was placed
on a filter sieve. Three cooked rice grains were used for hardness measurement using texture
analyzer, TA-XT plus Stable Micro System. Pre-test, post-test and test speed were 0.5, 0.5 and
10 mm/second, compression was adjusted to about 70 %. Force-time graph was observed from
testing. Hardness of cooked milled rice (Ho) was determined by extrapolation of the plot of In
reciprocal hardness against cooking time. Mean hardness at terminal point of cooking (HL) and
cooking time to terminal point of cooking were estimated from a plot of In reciprocal hardness
against In cooking time. A plot was then made of In (1 - Q) as a function of cooking time where
Ol= Ht-Ho/HL-Ho where Ht = hardness at time t. The reaction rate constant was calculated from
the slope of the plot of In (1-Q) versus t and a plot made of Ink as a function of reciprocal
cooking temperature in degrees Kelvin. The activation energy was calculated from the slope

from Arrhenius equation (Juliano and Perez, 1986).

Kinetic of glucose-glycine reaction

Reaction mixtures of glucose and glycine containing concentration of 2 M were
prepared in 0.1 M phosphate buffer. Final pH of mixtures were adjusted to 6.6+0.1. Reaction
mixture was then distributed in vial tube, containing 20 ml solution. Samples were heated in
water bath at 80°C, 90°C, 100°C. At time, the samples were drawn, immediately cooled in ice
and then tested for absorbance measurement at 420 nm.

According to the indicator kinetics characterized by Taoukis and Labuza (1989),
the absorbance value X = A of the indicator could be expressed in terms of a response function

as follows:
F(X) =kt Eqg. 1

where k is the rate constant of the reaction that is correlated with temperature,
and t is the time. By plotting a curve between the response function of absorbance F(X) and
time, a straight line could be obtained, and the k of different temperatures could be calculated

from the slope. Taking the logarithm on both sides of the Arrhenius function:
log k = Eq/ 2303RT + log A Eg.2

by plotting a curve of logk and 1/T, a straight line was obtained. The activation

energy could be calculated from the slope, and A from the intercept directly.
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Results and Discussion
Kinetic of rice cooking

In general, water absorption phenomenon occurs during cooking. Hydration of
water into rice grain results in the appearance of swollen and soften texture while interval time
increased. Figure 1 shows the appearance of PPGBR during cooking in water. Cooking time of
PPGBR at 80°, 90°C and 100°C were 30, 25 and 20 min, respectively. Cooking time were
decreased while increasing cooking temperature. PPGBR which had been cooked at 100°C gave
the higher rate of water absorption than PPGBR at 80°C and 90°C. The appearance of PPGBR at
100°C more swollen and rupture than PPGBR at 80°C and 90°C. These outcome maybe the
results of higher temperature induced and the interaction of hydrogen bond with water at faster
rate to destroy starch granule.

At 80°C

At 90°C

At 100°C
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20 min

Figure 1 Appearance of PPGBR during cooking in water at 80°C, 90°C and 100°C.

Figure 2 shows the hardness value of PPGBR rice during cooking in water at 80°C,
90°C and 100°C. The hardness value was decreased while the cooking time increased due to
water absorption into the rice grains. The activation energy (E,) of PPGBR cooking calculated
from Arrhenius equation was 16.69 kJ/mole or 3.98 kcal/mole. There are several reports on
kinetic of hydration and energy relations. The activation energy of kinetic of rice hydration
between 75°C and 150°C as reported by Parthasarathi and Nath (1953) was 13 kcal/mole (54.43
kJ/mole). Sukuzi et al. (1976, 1977) reported the activation energy was 9 kcal/mole and 19
kcal/mole below and above 102°C. In addition, Juliano and Perez (1986) also studied the
hydration phenomenon in Japonica rice between 80°C and 100°C showing the activation energy
to be 76 and 121 kJ/mole at temperature below 90°C and 32 and 57 kJ/mole at temperature
above 90°C. The cooking PPGBR cooking with low activation energy could be the results of

gelatinized starch during parboiling process and properties changing.
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Figure 2 Hardness value of PPGBR during cooking in water at 80°C, 90°C and 100°C. Color
changes of time-temperature indicator

The reaction between glucose and glycine could be the results of complex
mixtures formation of colored and colorless reaction products which range from flavor volatiles
to melanoidins, a series of brown pigments with high molecular weights. The color change
process of time-temperature indicator (TTI) was the reaction of sugar and amino acid in solution,

the color of Maillard reaction products changes from colorless to dark-brown (Figure 3).
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Figure 3 Color change of TTl at 80°C, 90°C and 100°C.

Figure 3 shows the color of TTI change from colorless to dark-brown while
increasing time at constant temperature.

According to Eqg.1 (1), the regression lines correlating the response value X and
time at different temperature was obtained and presented in Figure 4 and the related
coefficients R* of TTl in Table 1.
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Figure 4 Plot of the response X and time of TTl at 80°C, 90°C and 100°C.

Table 1 R? of TTI from Arrenius plot which fit the data at 80°C, 90°C and 100°C.

Temperature (°C) R’
80°C 0.877
90°C 0.909
100°C 0.974

According to Eq. (2), the E, of TTl can be calculated by plotting a curve between
log k and 1/T. £, of TTl was found to be 94.30 kJ/mol. The £, of this new TTI was similar to the
MonitorMark indicators, which were found ranging from 96.30 kJ/mol to 129.79 kJ/mol (Shimoni,
Anderson, and Labuza, 2001). The system has high potential for applications to different usages
such as food quality losses. The convenience of colourimetric visually detection and simple
manufacturing are advantages of this temperature indicator prototype.

Figure 5 shows the relationship of rice cooking and TTI color changing at 100°C.

Different color of TTI could be applied for monitoring cooked rice quality by visual checking.
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WOptimum cooking|
time 20 min

Figure 5 Relationship of rice cooking and TTI color changing 100°C.

The difference in £, of the TTI obtained from this research and £, of rice cooking
was more than 40 kJ/mole. It means that the minimum energy required to start chemical
reaction of TTI was higher than those of rice cooking process. Therefore TTI could be further
developed to obtain the closest value to £, of rice cooking process by adjusting the chemical
reaction factors, such as pH, temperature, reactant concentrations and the ratio between

reactants.

Conclusion

The kinetic of PPGBR cooking was shown having £, equal to 16.69 ki/mole. TTI
was developed using glycine-glucose reaction resulting in the color changes from colorless to
very dark brown after heating at temperature ranging from 80 to 100°C. The £, of TTI was found
to be 94.30 kJ/mol. TTI could be used to monitor cooking process by visual checking and could
be further developed to obtain the closest value to E, of rice cooking. Knowing the effect of
Maillard reaction factors, such as buffer, pH, temperature, reactant concentrations and the ratio

between reactants was suggested for better TTI development.
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474 nsdfuiannrimiseu Wdsudedudsimmemnau dussrindofegania () waziid1d1 “and”
Tunsdifemundangy vie “war” lunsdifenwilveneudoavine

475 Hlifdeduss Wilusuiedeiios vietonsans sidetenivde auseUifu

476 iuialumiheny siesswins Wlidemhpnuriessnsunudoruss

477 Bedwurememuiisnysieriss iwmiﬁﬁﬁmﬂmﬁmwﬂmLLagé’nﬂqwIﬁﬁﬁay‘amwﬂmasﬁudau
mumeteyanTndingy funlagldszezviteseninausin egdey (At least) 12 Point

478 UsTiTidemarusIiase lWvessiazsnensiidentidnn 7 didnws e 1.25 Wufuns

479  msens - srdlae@erusts, Vifian)

4.7.10 iélaeldRTin “uazani” vide “uareudug” vie et al sniunsdiérduiloBosiiitusistausian
Al Uuaevdsnldtinssndausnlineunthiunds viomsdraiiiiursiusuneuialy

4711 nmeonnnsatkesingasiissyniuwsndamiasvine laelilddge “p.” vise “pp.” uenanmtisde

47.12 msfadeduialaedelay Ao anunsndredsddludedes uidedsfiniszylilusenis
enansdnads wneBuliaunsofamudeyawanil
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1. wiledansanisn

JULUL: Fofusta. //Vifusi)./Aoviiade/afaifuni@nd). //flesiifd: /diinfia
PLEAREAY gy Syoway uazngquiiz Gandex. (2541). MuimulAREsiugILasAUAL LD
NSANYY. NTUNNUNIUAT: UNTANEN.
Mitchell, T. R, & Larson, J. R, Jr. (1987). People in organizations: An introduction to
organizational behavior (3rd ed.). New York: McGraw-Hill.
2. wiisdevsamsiitiussansnig
sUkuL: Foussaudns(fsrusi)./Aiiu).//Fondsde /Ao st/
RLERNLY anad F3elawna, (Un.). (2541). AlednnisileunisaeussRuTudinfny. uasUzy:

VUGN UIneauuing.
Gibbs, J. T., & Huang, L. N. (Eds.). (1991). Children of color: Psychological

interventions with minority youth. San Francisco: Jossey-Bass.
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3. Anegaiinus
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WU ANNAaAN. (2535). wgAnsIuNsUaNmIINasuaznisidnalulagnig
domsvesuitmgsiaenvuiiflvenvegegavesusemelng. Inednus
Nsaseansmtudio AngNsasmanilazdoannaTy, tINedusIIAanT.

Almeida, D.M. (1990). Fathers’ participation in family work: Consequences for
fathers’ stress and father-child relations. Unpublished master’s thesis,

University of Victoria, Victoria British Columbia, Canada.
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e st andiniu.

nsadwns. 2538, MaUszsyuitRnissusdileduaiuidosnnsey,
25-29 WHAINYU 2528 Bl NYIFYATUNIETAY JIIANMIETANL.
N3N gudiunisde nsuivInig nsensdnesnig.

Deci, E. L., & Ryan, R. M. (1991). A motivational approach to self:
Integration in personality. In R. Dienstbier (Ed.), Nebraska Symposium on
Motivation: Vol. 38. Perspectives on Motivation (pp. 237-288). Lincoln:
University of Nebraska Press. Motivation: Vol. 38. Perspectives on

Motivation (pp. 237-288). Lincoln: University of Nebraska Press.

5. Wawnsu
WaUNINRTUTITMTIReER T WA, 2542, (2546). nTaWNe: uudlidaiud iadu.
Shorter Oxford English dictionary (5 th ed.). (2002). New York: Oxford

University Press.

6. 7615/ UNYHTT
Forjusia//Afifu).//AeiF0a.//Mensansvizedineans,/ A7 (@uil),/mihusn-nihgavie.
91l A uazgw Azias (2551). MIFnwIMTfinUssansnimnssdnlagnisan
Auggyanlunszuiunsudnieanesed, 1sansmalulagnnald, 1 (2),
27-35.
Klimoski, R. & Palmer, S. (1993). The ADA and the hiring process in
organizations. Consulting Psychology Journal: Practice and Research,
45 (2), 10-36.

7. UNAMNIINATIHINUN
%a@wia.//(%ﬁﬂmﬁ, Wow, Tuil).//Aoises/Aendidefiu minfiunanens.
angla mand. (2548, figueu 7) anFeauser lineuu asisnuduiudeunsvin.
AN-TA-an, 25.
Di Rado, A. (1995, March 15). Trekking through college: Classes explore
modern society using the world of Star Trek. Los Angeles Time, p. A3.
dodidnnsedingd
orjusia//@ftai).//dei30s,/Suiivhmsiudu,/Aegiudeya.//URL
Author(s). ( date-or “n.d.”). Title of work. (Online), date retrieved. Name of

Database or Internet address of the specific document. Specify URL

<= 00

exactly.
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foeaLu AUNUAMZNTTUNTIMUSTIULIIA NTeNTITUUSTIL. (2545). Uszinalld
nsrateynlvenugeulisinuustu $uila, 7 Squieu 2548,
http://www.m-culture.go.th/culture01/highlight/highlightdetail.
php?highlight id=114&lang=th
Lynch, T. (1996). DS9 trials and tribble-ations review. Retrieved October
8,1997, from Psi Phi: Bradley’s Science Fiction Club Website:
http://www.bradley.edu/psiphi/ DS9/ep/503r.html

5. msdeiuativ finusunmufesdsiuatuifaninusuuuuvesiuaiuluteimusvesduuzinsBounayds
AuatunsanTITeuasiau laseadnsal lunszususyuiug Tuguuuu Word Document (docx) waie PDF File
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E-mail address: rdi_published@vru.ac.th unesAdeiiufmuduusiagldsuinsandwiumsloeriui
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Usziliulisumsifiunluansansidouasinin tlaseansal lunsvususgudud ginusunanuaglasuntdsdouds
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6.2 AvdvdunanuideilldTunsifurimeunslunsasidounsiaun Jlaseasnsal Tunssusumyudud
foifunssuansvesanitiidouasiinm unninerdenudgilasonsnsal lunssususgudud suthdeniu
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each language
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“Corresponding author, e-mail:

TZ"U@J.
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